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ABSTRACT
A Method for Determining Elements for 
Elemental Signature Analysis of 
Groundwater and Treated 
Lake Mead Water
by
F. Xavier Suarez
Dr. Vernon P. Hodge, Examination Committee Chair 
Professor o f Chemistry 
University of Nevada, Las Vegas
Elemental signature analysis (ESA) is a term that describes the use of the 
presence/absence or relative abundance of elements in samples. Because the 
elemental composition of a sample is a function of its geologic history, water from 
different geologic/industrial regions and events may contain characteristic elements or 
suites of elements that allow samples to be chemically distinguished from others. 
Several studies have been performed on the identification of these elemental signatures 
or fingerprints of water using inductively coupled plasma mass spectrometry (ICP- 
MS).
Lake Mead is the primary water supply for the Las Vegas Valley. During the 
summer months when water requirements quadruple, several large underground 
aquifers are used to supplement the Lake Mead water supply. These aquifers are
iii
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characterized for water quality and constantly monitored by the Las Vegas Valley 
Water District. Treated Lake Mead water is recharged during the low demand 
months (October to May) to several of these aquifers to maintain the water level in 
the aquifers, reduce land subsidence, and act as a reservoir for peak demands during 
the summer months. The Las Vegas Valley is surrounded by many private 
groundwater wells that tap smaller aquifers. Analyses of the groundwaters indicate 
water quality varies between these aquifers. Many of the wells are exposed to 
controlled or uncontrolled contamination from a variety of sources, including cross­
contamination between aquifers.
Aquifers were identified by using the available literature and data obtained 
from ICP atomic emission spectrometer (ICP-AES) trace-metal (Al, Ba, Cd, Ca, Cr, 
Cu, Fe, Mg, Mn, Ni, K, Ag, Na, Zn) analysis of water from 62 private wells in the 
Las Vegas Valley.
Private groundwater wells in the northwest, southwest, and southeast areas of 
the Las Vegas Valley and water from three recharge wells were sampled and analyzed 
by ICP-AES for 14 elements: Al, Ba, Cd, Ca, Cr, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, 
Zn; and by ICP-MS for 58 elements: Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, 
Er, Tm, Yb, Lu, Th, Li, Be, Al, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, 
Ag, Cd, In, Cs, Ba, Tl, Pb, Bi, U, Ru, Rh, Pd, Sn, Sb, Te, Hf, Ir, Pt, Au, Ti, Ge, 
Zr, Nb, Mo, Ta, W, Re.
Element concentrations obtained using ICP-MS and statistical analysis were 
used to identify elements for use as an elemental signatiure of the treated Lake Mead
IV
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water used for recharge of the Las Vegas Valley aquifers. Ratios of the elements 
identified as suitable markers for elemental signature analysis, were determined to 
identify potential trends in the data between areas and treated Lake Mead water.
Results of the study indicate that element concentrations vary significantly 
between areas in the Las Vegas Valley, thus allowing them to be used as criteria to 
distinguish between two water sources. Specifically, element concentrations increase 
in aquifers from north to south, and from west to east in the Las Vegas Valley. Five 
elements (Mg, Na, Gd, Sb, Mo) were found to be significantly different between 
treated lake Mead water and groundwater in the Las Vegas Valley. These elements 
can be used as the elemental signatures to distinguish between the two water sources.
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CHAPTER 1 
INTRODUCTION
Lake Mead is the primary water supply for the Las Vegas Valley. During the 
summer months when water requirements quadruple, several large underground 
aquifers are used to supplement the Lake Mead water supply. The major ions in 
these aquifers are well characterized and constantly monitored by the Las Valley 
Water District (LW W D). The analytes and parameters that are monitored are 
specific to those required by the State of Nevada for drinking water supplies. These 
analytes are specified in the Code of Federal Regulations, Protection of the 
Environment, Title 40, Part 141-National Primary Drinking Water Regulations.
Listed in Table 1 are the parameters routinely monitored for in local groundwater by 
the L W W D  (1). The maximum contaminant level established by the Envirotunental 
Protection Agency (EPA) is also listed for each parameter.
Increasing water demands in the Las Vegas Valley area has required the 
L W W D  to supplement water supplies with groundwater during the summer months. 
Recharge during the low demand period (October through May) of the Las Vegas 
Valley aquifers using treated Lake Mead water began in 1988. Treated Lake Mead 
water is injected into the aquifers from October through May. The amount of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
groundwater pumped in the Las Vegas Valley has increased from about 45,000 acre 
feet in 1955 to about 70,000 acre feet in 1995. Water recharge has increased from 
4,800 acre feet in 1989 to 110,000 acre feet in 1995 (2).
The extent of infiltration of recharged Lake Mead water into the groundwater 
wells is not known. Some estimates have been made based on the water quality 
monitoring routinely performed by the L W W D . Current literature suggests recharge 
water is having a minimal impact on the hydraulic characteristics of the aquifer (3).
The Las Vegas metropolitan area is surrounded by many private groundwater 
wells that tap small aquifers. Many of the wells are exposed to controlled and 
uncontrolled contamination from a variety of sources. Possible controlled sources of 
contamination would include underground injection of waste and recharge using 
treated Lake Mead water. Some possible uncontrolled sources of contamination 
would include improperly abandoned wells, cracked well casings, hazardous material 
spills, and surface water runoff.
Identification of source water has been an environmental and hydro-geologic 
challenge for many years (4). Recent advances in inductively coupled plasma mass 
spectrometer (ICP-MS) instrumentation detection limits at the part-per-trillion (ppt) 
level for groundwater (5,6,7) have put the technology at the forefront for identifying 
trace elements in water. Elemental signature analysis is a term describing the 
presence, absence, or relative abundance of elements for sample characterization and 
discrimination between sample types (4). The elemental composition o f a sample is a 
result of its geologic history and in the case of artificial material, manufacturing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
history. Water or materials from different geologic/industrial regions and or events 
may contain characteristic elements or suites of elements that allow samples to be 
chemically distinguished.
In the case of the Las Vegas Valley recharge water program, treated Lake 
Mead water could potentially have different chemical characteristics than the local 
groundwater. The L W W D  currently monitors the infiltration of groundwater and 
traces its movement by tracking chloride, chlorine, and total dissolved solids (TDS) 
concentrations in the groundwater (8). Groundwater samples are obtained from a 
series of monitoring wells distributed throughout the Las Vegas Valley. Although this 
may be adequate for determining the water quality in the relatively narrow recharge 
area of the Las Vegas Valley, very little is known of the water quality of the smaller 
aquifers which surround the Las Vegas Valley.
For the study reported in this thesis, treated Lake Mead water and 
groundwater obtained from private wells surrounding the Las Vegas Valley were 
analyzed by ICP-atomic emission spectrometer (AES) and ICP-MS and elemental 
signatures were obtained. These elemental signatures were compared and significant 
differences in concentrations were found.
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CHAPTER 2
HYDROGEOLOGIC FEATURES OF THE LAS VEGAS VALLEY 
The Las Vegas Valley Basin
The Las Vegas Valley basin comprises approximately 1600 square miles 
(9,10). The City of Las Vegas and the City of North Las Vegas are in the center of 
the valley; the City of Henderson is to the southeast; and Nellis Air Force Base is to 
the northeast.
The valley is virtually surrounded by mountain ranges. The Spring Mountains 
are to the west, the Sheep and Las Vegas ranges are to the north, the Frenchman and 
Sunrise mountains are to the east, and the River Mountains and McCullough Range 
are to the south (9,10,11). It ranges in elevation from 1500 feet on the eastern edge 
of the valley to 3000 feet on the western edge (9,10,11). The valley receives 
approximately 4 inches of precipitation per year, while the Spring Mountains receive 
up to 20 inches of precipitation per year, mostly in the form of snow (9,12).
The groundwater flows southeast through the Las Vegas Valley to Lake Mead 
(10) and recharge water has had minimal impact on the hydraulic characteristics of 
the aquifer (3).
The Las Vegas Valley is an alluvium-filled intermountain topographic basin 
(10). Alluvium is composed of clay, sand, gravel and similar debris deposited by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6running water. The basin-fill sediments are primarily clastic material (fragments of 
rock) from the surrounding mountain ranges (12). The clastic material is composed 
primarily of limestone, dolomite, and sandstone (10,11,12,13,14).
The valley fill sediments to the west are generally coarser than the fill 
sediments to the east and southeast areas of the alluvial aquifer (10,12). The 
thickness of alluvium fill ranges from less than a 1000 feet to about 3000 feet in Las 
Vegas, 4000 feet in Henderson, and 5000 feet in the northern valley (10,11,12).
The carbonate rocks of the Spring Mountains and Sheep Range in the 
northwest and west areas of the valley are the primary geologic units that transmit 
groundwater from natural recharge areas to the alluvial aquifers underlying the valley 
floor (10, 12).
The Las Vegas Valley Aquifers 
The underlying groundwater system has three general zones: shallow, 
intermediate, and deep (9,10). The deep zone is considered a confined system 
separated from the shallow and intermediate groundwater by an extensive but 
discontinuous series of fine-grained sediments and caliche deposits (10,14). The 
deep zone is typically 250 to 5000 feet below the land surface. The intermediate 
zone, generally between 30 to 250 feet below the surface, is semi-confined and has 
the potential to transmit poor quality water from the shallow system to the deep zone 
as shown in Figure 1 (15). The shallow zone is from 10 to 30 feet. The water is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7generally of poor quality, with high concentrations of dissolved solids and 
contaminants from surface run off (13).
Groundwater was the primary water supply for the Las Vegas Valley until 
shortly after the mm of the century (12). By the early 1940s groundwater pumping 
had exceeded namral recharge (9,10). The use of Lake Mead water as a drinking 
water supply began in 1942 when L W W D  began supplying water to Basic 
Magnesium Inc.
Providing water for the expanding population in the Las Vegas Valley required 
increased groundwater usage causing a corresponding groundwater level decline.
Water level declines have resulted in dewatering of fine grained sediments, which has 
caused these sediments to compact and the overlying land to settle vertically causing 
subsidence (9). Over 400 square miles of the Las Vegas Valley have been affected to 
some degree.
In 1971 major imports of Lake Mead water began with the completion of 
Stage I of the Southern Nevada Water System (9,12). In 1992 Stage II of the 
Southern Nevada Water System was completed, providing capacity for total allocation 
of Lake Mead water to the Las Vegas Valley. In 1991 the water supply for the area 
was 80% Lake Mead water and 20% groundwater. In 1996 Lake Mead water was 
the only water distributed except in the summer months when water demands require 
the use of groundwater (16).
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9In 1988 the L W W D  began recharging the groundwater system with treated 
Lake Mead water dining the lower demand winter months. The number of wells 
recharged has increased from 4 in 1988 to 25 in 1993 (3).
Several studies have been performed to assess the water quality of Lake Mead, 
the Colorado River, and the local groundwater (9,10,11). Results of these studies 
show the water quality of each to be acceptable, i.e., target analyte concentrations are 
below the maximum contaminant levels established by the EPA. Other studies have 
been conducted to determine the effects and compatibility of the groundwater with 
treated Lake Mead water that is used for recharge (9,10,11).
Personal communication with LW^WD and City of North Las Vegas Public 
Works Department personnel have indicated that treated Lake Mead water is 
monitored by analyzing for chloride, chlorine, and TDS. No references were found 
to suggest that ICP-MS was used for monitoring the Las Vegas Valley groundwater. 
Researchers at the University of Nevada Las Vegas and elsewhere have used ICP-MS 
for studies to identify water and its origin (e.g ., carbonate water, volcanic water) 
(17,18,19,20). Other smdies have used unique properties of the lanthanides and their 
relative abundance patterns to compare water (20). The ICP-MS is ideally suited for 
trace metal analysis because of its low-level detection (parts-per-trillion) of trace 
metals. Concentration techniques further lower ICP-MS levels of detection to sub 
parts-per-trillion (ppt) (6). Although the treated Lake Mead water is continuously 
studied and monitored, an elemental signature has not been published.
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CHAPTER 3
MATERIALS AND METHODS 
The initial phase of this thesis research was conducted from 1994 to 1996. 
During this phase, water samples were collected from 62 private wells and analyzed 
for 14 elements: Al, Ba, Cd, Ca, Cr, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, and Zn by 
ICP-AES. Samples from three recharge wells were also analyzed by ICP-AES for the 
same elements. Results were used for identifying private wells in the northwest, 
southwest, and southeast for study in the second phase of this thesis research.
The second phase was conducted from 1996 to 1997. During this phase, 
private wells in the northwest, southwest, and southeast areas of the Las Vegas valley 
and three recharge wells were sampled and analyzed by ICP-AES for 58 elements:
Al, Ba, Cd, Cr, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, and Zn; and by ICP-MS for Y,
La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Pt, Th, Li, Be, Al, V, 
Cr, Mn, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, In, Cs, Ba, Tb, Tl, Pb, Bi,
U, Ru, Rh, Pd, Sn, Sb, Te, Hf, Ir, Pt, Au, Ti, Ge, Zr, Nb, Mo, Tb, Ta, W, and Re.
10
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Materials
•  18 mega-ohm (MO) deionized water
•  Ultra pure acids
•  Acid-cleaned bottles
Sample Collection 
Identification of Aquifers 
Identification of the aquifer systems surrounding the Las Vegas Valley was 
based on literature review and data collected during the initial phase of this thesis 
research, in which private well water samples collected from 1994 to 1996 were 
analyzed by ICP-AES. As part of this smdy the well depth for each well was 
researched and included in the background data.
ICP-AES Analysis - 1994 to 1996 
Groundwater samples were collected in 500 mL high density polyethylene 
(HDPE) bottles purchased from Eagle Picher (Miami, OK). Samples were acidified 
immediately after collection to a pH of less than 2 with 1 mL ultra pure HNO3 
purchased from Sea Star (Seattle, WA). Metals concentrations less than the ICP- 
AES detection limits were not reported.
ICP-AES and ICP-MS Analysis - 1996 to 1997 
Precleaned, metals-free 1000 mL HDPE containers, purchased from IChem 
Industries (Newcastle, DE) and suitable for ICP-MS analysis, were used for sample 
collection. The bottle cleaning procedure used by IChem is considered proprietary and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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is not available. IChem contracted Lancaster Laboratory in Lancaster, PA, to check 
the bottles for metals. The Lancaster Laboratory Manager indicated that bottles are 
verified as "metals firee" by leaching them in 1% ultra-trace clean HNO3 for 24 
hours. The HNO3 solutions were then analyzed for trace metals using ICP-AES. A 
certificate of analysis was provided with the bottles. To ensure that the bottles were 
suitable for use in ICP-MS analysis, a bottle was leached in 20% ultra pure HNO3 for 
24 hours. The solution was then analyzed for trace metals using ICP-MS. Results 
indicated the bottles were suitable for trace metal analysis.
The groundwater samples were collected at a water spigot at or near the well 
head. The water was turned on and allowed to run for 5 minutes prior to sampling. 
Each sample set was collected in four 1000 mL HDPE bottles. Three bottles were 
filled and acidified with 10 mL of ultra-pure HNO3 leaving zero head space, the 
fourth bottle was filled in the same manner, but not acidified. The bottles were 
placed in an ice chest and transported to the laboratory for analysis. Of the four 1000 
mL samples collected, the unacidified sample was used for the determination of TDS, 
the three remaining acidified samples were used for the determination of trace metals 
by ICP-AES and ICP-MS, and determination of trace lanthanide elements using 
preconcentration and ICP-MS. Metal concentrations less than the detection limit were 
not reported.
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Instrumentation
An Applied Research Laboratory (ARL) ICP Q 137 simultaneous ICP-AES 
was used for all ICP-AES analyses. The instrument was equipped with a scott spray 
chamber and a Meinhard nebulizer Type A located at EFFEX Analytical Services in 
Las Vegas, NV. Instrument detection limits are listed in Table 2.
Table 2. ICP-AES Instrument Detection Limits.
ELEMENT WAVELENGTH
(nm)
INSTRUMENT
DETECTION
LIMIT
(Mg/L)
CONCENTRATION 
USED TO 
DETERMINE D.L. 
(Mg/L)
A1 396.16 150 500
Ba 493.41 30 50
Cd 226.50 6 50
Ca 315.88 500 2000
Cr 283.56 9 50
Cu 324.75 15 50
Fe 259.94 150 500
Mg 279.08 450 2000
Mn 257.61 7 50
Ni 231.60 15 50
K 766.49 450 2000
Ag 323.07 30 50
Na 589.59 450 2000
Zn 202.55 70 100
nm =  nanometer /xg/L = micro grams per liter
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A Perkin Elmer (Norwalk, CT) Sciex 50(X) ICP-MS equipped with an active film 
multiplier detector (ETP, Ermington, Australia), a Cetac ultrasonic nebulizer, and PE 
autosampler was used for all ICP-MS analyses. The instrument is located at the Harry 
Reid Center (HRC) for Environmental Studies at the University of Nevada Las Vegas. 
Typical instrument detection limits (17) are listed in Table 3.
Analytical Procedure 
An ARL ICP Q 137 simultaneous ICP-AES was used to analyze samples for 
13 metals (Al, Ba, Cd, Cr, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, Zn). The samples 
were introduced into the ICP-AES by a peristaltic pump. The samples were forced 
through a Mienhardt concentric nebulizer Type C, into a Scott spray chamber. A 
small fraction of the spray was carried into the plasma via 1 L-per-minute argon flow. 
Instrument parameters for the ICP-AES system are listed below.
ARL ICP Q 137
RF forward power 1500 watts
Arson sas flow
Coolant 12 L/min
Auxiliary 1 L/min
Nebulizer 1 L/min
Solution uptake 2.0 mL/min (peristaltic pump)
Peak Scan Parameters
Replicates 3
Dwell time 30 sec
Integration time 10 sec
Run time 3.0 min
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Table 3. ICP-MS Method Detection Limits
GROUP I
(ppt)
ELEMENT IDL PMDL ELEMENT IDL PMDL
Y 89 1.6 0.07 Tb 159' 2.9 Ü.1J
U  139 0.9 0.04 Dy 161 2.5 0.11
Ce 140 1.0 0.05 Dy 163 2.3 0.11
Pr 141 1.5 0.07 Ho 165 1.6 0.07
Nd 143 6.2 0.28 Er 166 2.3 0.10
Nd 146 2.6 0.12 Er 167 2.9 0.13
Sm 147 2.5 0.11 Tm 169 1.7 0.08
Sm 149 3.2 0.14 Yb 173 2.7 0.12
Eu 151 2.2 0.10 Yb 174 3.5 0.16
Eu 153 2.4 O il Lu 175 1.8 0.08
Gd 157 1.7 0.08 Th 232 3.7 0.16
Gd 158 2.4 0.11
GROUP 2
(PPO
ELEMENT IDL ELEMENT IDL
U 7 20 Rb 85 6.3
BeO 28 Sr86 18
Al 27 14 Sr88 6.6
V 51 6 Ag 107 21
Cr52 11 Ag 109 17
Cr 53 15 Cd 111 16
Mn 55 2.5 Cd 114 10
Co 59 6.2 In 115 5.7
Ni 60 19 Cs 133 3.8
Ni 62 36 Ba 135 16
Cu63 6.8 Ba 137 12
Cu65 11 T1203 12
Zn 66 21 T1 205 6
Zn68 23 Pb206 12
Ga 69 3.7 Pb207 9.6
Ga71 5.4 Pb 208 9.1
As 75 10 Bi 209 8.7
Se 77 77 U238 4.8
Se 82 219
GROUP 3
(ppt)
ELEMENT IDL ELEMENT IDL
Ru 99 4.0 Pt 196 1.6
Ru 101 5.4 Au 197 10
Rh 103 4.3 TÎ47 14
Pd 105 12 Ti49 14
Pd 108 12 Ge72 8.2
Sn 117 9.3 Ge 73 13
Sn 118 6.2 Ge74 5.8
Sn 120 3.3 Zr90 6.2
Sb 121 2.8 Zr91 13
Sb 123 5.2 Nb93 2.5
Te 125 16 Mo 95 10
Hf 177 8.3 Mo 97 10
Hf 178 9.3 Ta 181 13
Hf 179 4.3 W 182 11
Ir 191 2.7 W 183 15
Ir 193 2.4 Re 185 7.3
Pt 194 1.8 Re 187 5.6
Pc 195 2.6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
16
Multi-element standards were prepared from single-element standard solutions 
in HNO3, purchased from EM Science (Gibbstown, NJ). Ultra pure grade HNO3 was 
purchased from J.T. Baker (Phillipsburg, NJ).
The reagent water used to prepare ICP standard solutions was purified by 
passing 1 Mfi feed water, purchased from Hinckley & Schmidt, through a Millipore 
milli-Q ion exchange water purification system producing water of 18 MO quality.
A quality control standard was prepared using Spex Industries (Edison, NJ) Trace 
Metal WP-15 standard check solution to verify the absolute concentrations of the 
elements where appropriate.
Based on ICP-AES analysis results of 62 wells and the availability of well 
sites, groundwater samples were collected from three areas of the Las Vegas Valley 
for analysis by ICP-MS. Six private wells were sampled in each of the following 
three areas: northwest, southwest, and southeast. Three treated Lake Mead water 
samples were collected from three recharge wells. Figure 2 depicts the location of 
the private wells in each area, and collection points of the recharge water (treated 
Lake Mead water) analyzed for this study.
Sample Filtration
The samples were filtered prior to analysis by ICP-AES and ICP-MS. The 
filtration apparatus was constructed of an in-line 50 mm polycarbonate filter holder to 
which was attached an inverted 1000 mL HDPE bottle serving as a funnel (Figure 3).
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The filter holder, a 10 mL polystyrene mohr pipette, and a polypropylene beaker 
were soaked overnight in a 20% solution of ultra pure HNO^, then rinsed three times 
with 18 mohm deionized water. The vacuum funnel was attached to a vacuum bell
jar. The vacuum bell Jar was
. . .  - - Sam ple
1000 mL
HDPE clean bottle 
(Inverted with 
bottom removed)
In4ine Filter 
S topper
Teflon tubing
I
vacuum
pump
Vacuum 
bell jar
1000 mL 
HDPE clean 
bottle
Figure 3. Filtration Apparatus
fitted over a clean 1000 mL 
bottle. Three liters of each of the 
samples were filtered using 
vacuum filtration through a 0.2 
micron PTFE membrane filter 
(Metricel 64810). A 0.2 micron 
membrane filter was used 
because a 0.45 micron membrane 
filter was not available. Using 
the precleaned mohr pipette, 10 
mL of ultra-pure HNO^ was 
added to each sample.
The filtration apparatus 
was dissembled and rinsed three 
times with deionized water 
between samples, then
reassembled with a new membrane filter. A field blank consisting of 4 liters of 
deionized water was filtered and analyzed as a sample.
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Lanthanide Element Group I Pre-Concentration
Lanthanide elements are present in groundwater at concentrations of less than 
5 ppt (19). These concentrations are at or below the ICP-MS detection limit. 
Therefore, the lanthanide elements are concentrated on a cation exchange column.
The concentrated lanthanide elements are eluted from the column with a small volume 
of 8 M HNO3 which is evaporated to dryness. The residue is dissolved with 10 to 20 
mL 1% HNO3. This column procedure can thus concentrate the lanthanide elements 
50 to 100 times, depending on the sample volume (11,12).
The procedure used in this study is the same as that used by HRC for 
Environmental Studies (21). The lanthanide elements were concentrated on a cation 
exchange column prepared from AG 50W-X8 resin (Bio-Rad Laboratories, Richmond, 
CA).
The cation exchange resin and column assembly were initially cleaned by 
soaking in ultra-pure, 20% HNO3 solution for 7 days. Each column was prepared by 
packing with 5 mL of cleaned cation exchange resin. A porous plastic disk was 
placed over the resin to hold the column material in place.
Prior to passing the sample through the column, the column was conditioned 
by passing 50 mL of 8 M HNO3 (prepared from ultra-pure HNO3) through the 
column. Next, 20 mL of 1 % HNO3 was passed through the column. One liter of 
sample was weighed in a precleaned tared 1000 mL HDPE bottle. The bottle was 
attached to the column using a special cap and PTFE connector. The sample was 
inverted and allowed to drip through the column at a rate of 1 mL per minute.
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After the sample passed through the column, the resin was eluted with 50 mL 
of 1.5 M HNO3. This fraction was discarded. The column was subsequently eluted 
with 50 mL of 8 M HNO3 into a 50 mL PTFE beaker. The PTFE beaker was placed 
on a hot plate and slowly taken to dryness. The residue was dissolved by adding 2 
drops of concentrated ultra pure HNO3 and 20 mL of 1 % HNO3. The solution was 
transferred to a tared trace-metals-ffee precleaned 60 mL HDPE bottle (purchased 
from Wheaton Science Products, Millville, NJ) and taken to a final weight of 45 
grams.
The samples were analyzed by ICP-MS for 58 elements (Y, La, Ce, Pr, Nd, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Th, Li, Be, Al, V, Cr, M n, Co, Ni, Cu, 
Zn, Ga, As, Se, Rb, Sr, Ag, Cd, In, Cs, Ba, Tl, Pb, Bi, U, Ru, Rh, Pd, Sn, Sb, Te, 
Hf, Ir, Pt, Au, Ti, Ge, Zr, Nb, Mo, Ta, W, Re).
A Perkin Elmer (Norwalk, CT) Sciex 5000 ICP-MS equipped with an active 
film multiplier detector (ETP, Ermingington, Australia) was used for trace element 
determination. The water samples were introduced in the ICP-MS plasma by means 
of an ultrasonic nebulizer (CETAC Technologies, Inc., Omaha, NB, Model 5000 
AT). Following are listed typical instrument parameters for the ICP-MS system.
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Sciex 5000 ICP-MS
RF forward power 1000 watts
Arson Gas Flow
Coolant 12 L/min
Auxiliary 1 L/min
Nebulizer 1.2 L/min
Sampling cone nickel with 1.14 nun orifice
Skimmer cone nickel with 0.09 mm orifice
Nebulizer type ultrasonic, CETAC model-5000AT
Solution uptake 2.5 mL/min (peristaltic piunp)
Peak Scan Parameters
Replicates 5
Dwell time 20 seconds
Number of Scans 10 seconds
Run time 2.5 min
Mass Spectrometer
Detector ETP-Active film multiplier
Af61 operated at 2 kv
Running vacuum 1.01 X  10-5 Torr
Basic vacuum 3.00 X  10-7 Torr
Ion Lense Voltase
B, P, E l, Ss 44, 43 , 37, 43 volts
Standards
The mixed-element standard and quality control solutions for ICP-MS standard 
calibration and QC verification were provided by HRC and obtained from Perkin 
Elmer Corporation (PE), Norwalk, CT, High Purity Standard Inc. (HPS), Charleston, 
SC, or the National Institute of Standards and Technology (NIST), Gathersburg, MD.
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Group 1 Elements
The ICP-MS multi-element Standard 1 (Perkin Elmer 9-96As) contained 10 
/xg/mL (ppm) of the following elements: Ce, Dy, Sr, Er, Eu, Gd, Ho, La, Lu, Nd, 
Pr, Sm, Sc, Tb, Th, Tm, Y, and Yb. An intermediate standard solution 100 ftg/L 
(ppb), was prepared by diluting 0.5 mL of the stock standard to 50 mL. Working 
calibration standards of the above elements were prepared by diluting the intermediate 
standard. Following is a list of target concentrations prepared for analysis of Group 1 
elements.
Target Concentration
Group 1 
Standard Preparation Actual
0 ppt 130.077 g of 1% HNO3 0.0 ppt
10 ppt 0.013 mL of 100 ppb diluted to 130.0135 g 10 ppt
50 ppt 0.016 mL of lOOppb diluted to 130.0282 g 50 ppt
250 ppt 0.325 mL of 100 ppb diluted to 130.0203 g 250 ppt
500 ppt 0.651 mL of 100 ppb diluted to 130.0561 g 500 ppt
1000 ppt 1.31 mL of 100 ppb diluted to 130.0005 g 1000 ppt
2000 ppt 2.61 mL of 100 ppb diluted to 130.0175 g 2000 ppt
A quality control standard was prepared for Group 1 analyses from an HPS 10 
mg/L stock standard solution which is NIST traceable. The HPS 10 mg/L standard 
contained the following elements: Ce, Cy, Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sm, Sc, 
Tb, Th, Tm, Tb, Th, Tm, Yb, and Y. To each of the above standards 10 /xg/L Pt 
internal standard was added.
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A 20 g aliquot of each cation-exchange preconcentrated sample was transferred 
to a precleaned tared 60 mL HDPE bottle. To each sample 10 /xg/L Pt solution was 
added to serve as an internal standard.
Group 2 Elements
The ICP-MS multi-element Standard 2 (Perkin Elmer 9-71-As) contained 10 
/xg/mL of the following elements: Ag, Al, As, Ba, Be, Bi, Ca, Cd, Co, In, K, Li, 
Mg, Mn, Na, Ni, Pb, Rb, Cr, Cs, Cu, Fe, Ga, Se, Sr, Rl, V, U, and Zn. An 
intermediate standard solution 100 /xg/L (ppb) was prepared by diluting 0.5 mL of 
stock standard to 50 mL. Working calibration standards of the above element were 
prepared by diluting the intermediate standard. Following is a list of target 
concentrations prepared for analysis of Group 2 elements.
Target Concentration
Group 2 
Standard preparation Actual
0 ppb 130.0134 g of 1% HNOj 0.00 ppb
0.05 ppb 0.065 mL of 100 ppb diluted to 130.0134 g 0.05 ppb
0.50 ppb 0.652 mL of 100 ppb diluted to 130.0292 g 0.50 ppb
1.00 ppb 1.31 mL of 100 ppb diluted to 130.0336 g 1.00 ppb
5.00 ppb 6.51 mL of 100 ppb diluted to 130.0284 g 5.01 ppb
15.00 ppb 19.5 mL of 100 ppb diluted to 130.0100 g 15.0 ppb
A quality control standard for the above standards was prepared from NIST 
Standard Reference Material 1625c "Trace Elements in Water". To each of the above 
standards 10 /xg/L Tb internal standard was added.
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A 20 g aliquot of each groundwater sample was transferred to a precleaned 
tared 60 mL HDPE bottle. To each sample 10 /xg/L Tb internal standard was added.
Group 3 Elements
Two multi-element stock standard solutions were used for analysis of Group 3 
elements. Standard 3 - ICP-MS Perkin Elmer (8-179As) contained 10 /xg/mL of the 
following elements: Ru, Rh, Pd, Sn, Sb, Te, Hf, Ir, Pt, and Au. Standard 4 - ICP- 
MS Perkin Elmer (8-179As) contained 10 /xg/mL of the following elements: Ti, Ge, 
Zr, Mo, Ta, W, and Re. An intermediate standard solution 100 /xg/L (ppb) was 
prepared by combining 0.5 mL of each stock standard solution into a tared precleaned 
60 mL HDPE bottle and bringing to a 50 g volume. Working calibration standards of 
the above elements were prepared by diluting the intermediate standards. The 
following is a list of target concentrations prepared for Group 3 analyses.
Target Concentration
Group 3 
Standard preparation Actual
0 ppb 130.0077 g of 1 % HNOj 0.00 ppb
0.05 ppb 0.061 mL of 100 ppb diluted to 130.0255 g 0.05 ppb
0.50 ppb 0.652 mL of 100 ppb diluted to 130.0204 g 0.50 ppb
1.00 ppb 1.31 mL of 100 ppb diluted to 130.0203 g 1.00 ppb
5.00 ppb 6.51 mL of 100 ppb diluted to 130.0003 g 5.01 ppb
10.00 ppb 13.0 mL of 100 ppb diluted to 130.0038 g 10.02 ppb
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The mid-standard was used as the quality control sample for the Group 3 
elements.
To each of the above standards 10 /xg/L Tb internal standard was added. A 20 
g aliquot of each groundwater sample was transferred to a precleaned tared HDPE 
bottle. To each sample 10 /xg/L Tb internal standard was added.
Sample Analysis: QA/QC
The ICP-MS was calibrated according to the manufacturer’s instructions with 
five concentrations of three mixed-element standard solutions. Group 1, Group 2, 
and Group 3 standards were prepared using laboratory 1% v/v HNOj. The initial 
calibration verification standard solution elemental concentrations were required to be 
within 20% of the certified value. A mid-range calibration standard solution was used 
as the continuing calibration verification standard. This solution was analyzed every 
5 samples and all results were within 20% of the original concentration. The internal 
standard was added to correct for sample matrix effects (such as sample viscosity), 
changes in flow rate, and salt buildup on the sampling cone. A 1 % HNOj solution 
was used as a rinsing solution between samples. A wash out time of 70 seconds 
between samples was performed.
Several of the groundwater samples contained TDS greater than 500 mg/L. 
These samples were initially analyzed without dilution. If  the QC was not acceptable, 
the samples were diluted with 1 % HNOj to obtain an estimated TDS of 500 mg/L or 
less.
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Statistical Analysis
A statistical analysis of the well data obtained from the analysis of the well 
water using ICP-MS and ICP-AES was performed to determine potential elements 
which can be differentiated between the treated Lake Mead water and the 
groundwater. A Student t-test (24) was performed on the ICP-MS and ICP-AES data. 
The groundwater and the treated Lake Mead water are two source waters. Our test 
was to determine if the means of the measured concentration for each element from 
the two types of water disagree significantly.
Two other comparison tests were performed on the data to determine 
differences or trends. The first technique, rare earth elements (REE), compared 
lanthanide element data with geochemical data of element concentrations in composite 
North American shale (shale value). This technique was used as a chemical tracer in 
regional groundwater (20).
The second technique is based in a linear algebra application of multivariate 
analysis. The data were analyzed by creating scatter plots using principal component 
analysis. Analysis data of similar characteristics trend when plotted. This technique 
has been used to identify water from different aquifers(19).
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CHAPTER 4 
RESULTS AND DISCUSSION 
The practice of using treated Lake Mead water to recharge the Las Vegas 
Valley aquifer indicates a need for a statistical study to determine if an elemental 
signature can be identified to distinguish between groundwater and recharge water.
The current method used by LW W D  (16) to track the extent of aquifer dilution using 
TDS, chlorine, and chlorides is not adequate for monitoring private wells which are 
routinely chlorinated. Also, given the wide ranges of TDS and chloride found in 
groundwater in the Las Vegas Valley, these parameters would not work as markers 
for elemental signature analysis.
The 62 private wells used for the initial phase of this research were plotted on 
a map of the Las Vegas Valley, depicting the range and township area of each well 
previously shown in Figure 2. Using the township and range of the wells, the well 
drillers’ logs were used to determine well depth. Table 4 lists Analysis Date, TDS, 
Address, Well Depth, and Well Location (township and range). Table 5 lists the 
ICP-AES analysis results of the 62 private wells. Data were sorted by well depth, 
then plotted with the total metal concentration at each depth. Results are shown in 
Figure 4. The line of best fit indicates a trend between the total metals concentration 
and well depth; however the data are scattered. Most of the wells tested had a well
27
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Table 4. Location, Depth, and Total Metals Concentration of 62 Las Vegas Area Wells.
Well
No,
Dale
Analyzed Location
Zip
Code
Depth
(Feet) Map Index Range Township Section Quadrant
Total Metals 
Concentration 
(mg/L)
1 8-May-96 1211 Rocky 89131 290 4 01-4L 59 19 1 NW-NE 76
2 23-DCC-94 10425 W. Log Cabin 89131 250 5 0I-5D 59 19 I SE-NW-NW-NW 
Avg, Cotie.
95
85.5
3 l2-May-95 8301 N. Mustang 89131 350 5 05-5K 60 19 11 SE-NW-SW-NW 80
4 22-Apr-96 8515 W. Rosada 89129 455 15 16-5C 60 19 32 SW-SW 87
5 19 jun-95 8670 W. Rocky 89131 450 5 01-5D 60 19 5 NE-NW-SE-SE 73
6 lO-Jun-96 4925 Campbell 89129 400 15 16-5C 60 19 32 NE-NW 94
7 23-Api-96 8321 Hammer 89129 350 15 15-5C 60 19 32 NW-NW 85
8 15-JU11-96 5257 Drifting Dunes 89129 250 15 15-5G 60 19 34 SE-NW 81
9 13-Jun-95 5945 N, Grand Canyon 89129 550 15 14-5A 60 19 30 SE-NW-NW-NW 85
10 3l-M ar-96 6215 N. Grand Canyon 89129 400 15 14-5A 60 19 30 SE-NW 91
II I5-JUI1-96 9940 Four Views 89131 300 5 02-5D 60 19 5 NW-SW 85
12 29-Scp-94 5990 N. Kevin 89129 350 15 14-5C 60 19 29 SW-NE-NE-NW 95
13 20-May-96 9085 Rosada 89129 500 15 16-5C 60 19 31 NE-SE 85
14 15 Jun-96 8550 Log Cabin 89131 250 5 01-5D 60 19 5 NW-NW 82
15 29-Feb-96 5260 N. Maverick 89130 400 15 16-5k 60 19 35 SW-SE 105
16 10-Jun-96 8540 Log Cabin 89131 260 5 01-5D 60 19 5 NW-NW 84
17 3-M ay'96 4915 Jullatto Dr. 89129 425 15 I6-5D 60 19 32 NW-SE 86
18 21-Scp-94 6500 W, Atm Rd, 89130 400 15 14-5M 60 19 26 SW-SE SE-SE 91
19 13-Jun 95 7640 N. Leon 89131 450 5 5-5L 60 19 13 NW-SW-SE-NE 89
20 10 Jun-96 9615 Haley 89124 250 15 11-5A 60 19 14 SW-NE 99
21 15 Jun-96 7160 W, Azuie 89130 400 15 13-5K 60 19 27 SE-NW 81
22 22-Fcb-95 5900 N. Maverick 89130 350 15 14-5K 60 19 26 SE-NW-NE-SE 161
23 16 May 96 5220 N. Mustang 89130 400 15 14-5K 60 19 35 SW-NE 75
24 21-Scp-94 5265 N. El Capitan 89129 400 15 16-5C 60 19 32 NW-SE-SE-SE 88
25 23-Dec-94 9889 W, Corbett 89129 350 15 14-5A 60 19 30 SW -NENW -SE 90
26 l5-Jun-96 8620 N. El Capitan 89131 400 5 03-5C 60 19 8 NW-SE 87
27 1-Jun-96 9480 W. Wa.shburn 89129 550 15 15-5C 60 19 31 NE-SE 96
28 2l-Scp-94 6324 W. Dorrcll 89131 600 15 11-5K 60 19 23 NE-NW-SE-SE 180
29 22-Apr-96 6131 Racel 89131 418 5 04-5L 60 19 12 SW-SE
Avg. Cone.
88
93.5
30 23-Apr-96 4901 Jean 89108 125 25 26-5M 60 20 13 SE-SE 325
31 1 l-Apr-96 7930 Hickam 89129 400 25 22-5F 60 20 4 NW-SE 107
32 31-Mar-96 8255 Hickam 89129 500 25 22-5F 60 20 4 NW-SW 25
33 l4-Scp-94 Red Coach/Fort Apache 89129 550 25 22 5C 60 20 5 NW-SW-NW-NW 92
34 29-Scp-94 7840 W. Heleita 89129 400 25 22-5G 60 20 4 SE-NW-SW-NW 88 
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Table 4. (continued) Location, Depth, and Total Metals Concentration of 62 Las Vegas Area Wells.
Well
No.
Dale
Analyzed Location
Zip
Code
Depth
(Feet) Map Index Range Township Section Quadrant
Total Metals 
Concentration 
(mg/L)
35 22-Feb-95 5430 S. Manteca 89118 470 55 54-5K 60 21 26 SE-NW-SE-NW 158
36 14-Jun 95 2100 S. Cintmarron 89117 420 45 42-5E 60 21 4 SE-NW-SW-NW 151
37 13-Jun-95 5875 W. Post 89118 370 55 56-5L 60 21 36 SW-SW-NE-NW 
Avg. Cone.
188
165.4
38 28-Jun-95 9245 S. Miller 89117 380 75 65-5F 60 22 21 NE-SE-SE-SE 155
39 22-Fcb-95 8345 S. Edmond 89139 400 65 65-5M 60 22 13 NE-NW-SE-SE 105
40 13-Jun-95 9355 S. Mohawk 89107 380 75 72-5N 60 22 24 SE-NW-NW-NW 219
41 l-M ai-95 5580 Meranti> 89123 250 75 72-5N 60 22 24 NW-SE 318
42 12-Aug-94 7125 W. Landberg 89139 350 75 73-5G 60 22 27 NE-NW-SE-NE 221
43 14 Sep-94 5373 W. Shelbourne 89139 350 65 65-5M 60 22 13 NE-NW-SW-SE 
Avg. Cone.
156
195.7
44 28-Sep-94 3809 La Madré 89130 500 16 16-6B 61 19 31 SE-SE-NW-NE 78
45 14 Jun-96 5892 E. Saddle Tree 89118 460 56 56-6C 61 21 32 NE-NW
Avg. Cone.
106
91.6
46 30-May-95 3160 W. Meranto 89118 400 76 72-6C 61 22 20 SW-NW-SE NW 265
47 29-Feb-96 7618 Placid 89123 300 66 66-6F 61 22 9 SW-NE 525
48 16-Mar-96 8235 S. Haven 89123 250 66 63-6E 61 22 16 NW-NW 210
49 29-Sep-94 3450 W. Mesa Verde 89139 450 66 64-6C 61 22 8 SW-NW-SW-SW 326
50 31-Mar-96 335 E. Erie 89123 250 76 75-6E 61 22 33 NW-SE 270
51 1 l-Apr-96 7984 Placid 89123 400 66 66-6F 61 22 9 NW-SE 395
52 3-May-96 8250 Giles 89123 370 66 65-6E 61 22 16 NW-NW 215
53 l-M ar-96 10724 Rancho Destino 89123 360 76 76-6E 61 22 33 NE-NW 419
54 6-Jul-95 4011 W. Gomel 89118 400 76 72-6C 61 22 30 NE-NE-NW-NE 214
55 23-Apr-96 3365 Agate 89139 350 76 71-6C 61 22 20 NW-NW 274
56 lO-Jun-96 8139 S. Haven 89123 360 66 63-6E 61 22 9 SW-SW 309
57 22 Apr-96 3425 W. Cougar 89139 400 66 66-6C 61 22 17 NW-SW 205
58 4-Jan-95 8580 S. Rancho Destino 89123 360 66 64-6E 61 22 16 NW-SE-SE-SW 
Avg. Cone.
348
306
59 21-Scp-94 1314 N. Bledsoe 89110 300 37 31-7E 62 20 28 NW-NE-SW-SE 92
60 15-Jun 96 1560 N. Ringc 89110 450 37 33-7E 62 20 28 NW-NW
Avg. Cone
107
99.4
61 l-Mar-96 3590 E. Pattick 89120 150 57 55-74 62 21 31 SW-NW 415
62 1 l-Apr-96 2244 Gateway 89104 400 47 42-7B 62 21 19 SW-NE
Avg. Cone
710
562.5
N )VO
30
Table 5. ICP-AES Analysis Data of 62 Las Vegas Area Wells.
No. Al Ba Cd Ca Cr Cu Fe
mg/L ±mg,'L mg/L ±rag/L mg/L irmg/L mg/L ±mg/L mg/L ±mg/L mg/L ±mg/L mg/L ±mg/L
1 ND ND 0.04 0.05 ND ND 43.8 1.76 ND ND ND ND ND ND
2 ND ND 0.05 0.01 ND ND 61.6 1.30 0.010 0.004 0.02 0.02 0.20 0.01
3 ND ND 0.12 0.01 ND ND 34.5 1.01 ND ND ND ND ND ND
4 ND ND 0.05 0.04 ND ND 53.0 1.90 ND ND 0.53 0.05 ND ND
5 ND ND 0.05 0.02 ND ND 35.9 1.42 ND ND 0.03 0.02 ND ND
6 ND ND 0.06 0.04 ND ND 58.5 2.71 ND ND ND ND ND ND
7 ND ND 0.04 0.01 ND ND 49.5 0.59 ND ND 0.02 0.01 ND ND
8 ND ND 0.06 0.02 ND ND 51.7 1.94 ND ND ND ND ND ND
9 ND ND 0.05 0.01 ND ND 54.6 1.59 ND ND ND ND ND ND
10 ND ND 0.05 0.03 ND ND 61.7 2.99 ND ND ND ND ND ND
11 ND ND 0.05 0.03 ND ND 49.0 0.91 ND ND ND ND ND ND
12 ND ND 0.13 0.03 ND ND 58.7 1_S2 ND ND 0.04 0.01 ND ND
13 ND ND 0.04 0.04 ND ND 52.6 2.69 ND ND ND ND ND ND
14 ND ND 0.05 0.04 ND ND 46.3 1.40 ND ND ND ND ND ND
15 ND ND 0.08 0.01 ND ND 58.0 1.01 ND ND 0.02 0.01 ND ND
16 ND ND 0.06 0.01 ND ND 43.0 0.86 ND ND 0.12 0.04 ND ND
17 ND ND 0.05 0.03 ND ND 53.2 0.69 ND ND ND ND ND ND
18 ND ND 0.21 0.02 ND ND 50.8 1.20 ND ND ND ND ND ND
19 ND ND 0.11 0.01 ND ND 51.6 1.80 ND ND 0.16 0.05 ND ND
20 ND ND 0.05 0.02 ND ND 62.8 0.95 ND ND ND ND ND ND
21 ND ND 0.16 0.01 ND ND 42.9 2.50 ND ND ND ND ND ND
22 ND ND ND ND ND ND 87.7 1.48 ND ND ND ND ND ND
23 ND ND 0.07 0.01 ND ND 42.3 2.97 ND ND 0.04 0.01 ND ND
24 ND ND 0.13 0.01 ND ND 53.9 1.39 ND ND 0.09 0.04 ND ND
25 ND ND 0.05 0.02 ND ND 56.1 1.26 0.010 0.004 0.04 0.03 ND ND
26 ND ND 0.05 0.01 ND ND 53.2 2.66 ND ND 0.05 0.02 ND ND
27 ND ND 0.06 0.04 ND ND 60.5 0.94 0.009 0.003 0.04 0.03 ND ND
28 ND ND 0.07 0.04 ND ND 75.4 2.78 0.021 0.003 ND ND ND ND
29 ND ND 0.07 0.04 ND ND 48.7 0.91 ND ND ND ND ND ND
30 ND ND 0.03 0.01 ND ND 116 2.95 0.006 ND ND ND ND ND
31 0.48 0.02 0.07 0.02 0.030 0.016 68.7 2.76 0.055 0.005 0.06 0.01 ND ND
32 ND ND ND ND 0.011 0.005 7.8 1.87 ND ND ND ND ND ND
33 ND ND 0.07 0.01 ND ND 53.0 0.24 ND ND ND ND ND ND
34 ND ND 0.14 0.01 ND ND 54.0 0.15 ND ND ND ND ND ND
35 0.21 0.05 0.08 0.05 0.011 0.004 38.8 1.6 0.022 0.007 0.06 0.02 ND ND
36 ND ND ND ND ND ND 101 2.1 ND ND ND ND ND ND
37 ND ND ND ND ND ND 118 1.7 ND ND 0.47 O.CW ND ND
38 ND ND ND ND ND ND 91.5 0.5 ND ND ND ND ND ND
39 0.17 0.02 ND ND 0.008 0.004 52.1 1.0 0.018 0.002 0.02 0.01 ND ND
40 ND ND ND ND ND ND 104 1.4 ND ND 0.02 0.01 ND ND
41 0.15 0.04 0.24 0.04 ND ND 182 0.5 ND ND 0.10 O.CM 0.30 0.02
42 ND ND 0.03 0.03 ND ND 119 1.8 ND ND ND ND 0.19 0.06
43 ND ND ND ND ND ND 87.9 1.9 ND ND ND ND ND ND
44 ND ND 0.08 0.04 ND ND 32.4 0.9 ND ND ND ND ND ND
45 ND ND 0.04 0.03 ND ND 58.6 1.2 ND ND 0.56 0.04 ND ND
46 ND ND ND ND ND ND 103 0.5 ND ND ND ND ND ND
47 ND ND 0.03 0.01 ND ND 282 2.1 0.010 0.007 ND ND ND ND
48 ND ND ND ND ND ND 126 1.3 0.011 0.003 ND ND ND ND
49 ND ND 0.03 0.02 ND ND 181 0.5 ND ND 0.03 0.01 ND ND
50 ND ND ND ND ND ND 80.4 2.0 ND ND ND ND ND ND
51 0.26 0.01 ND ND 0.012 0.004 232 0.9 0.027 0.004 0.05 0.01 ND ND
52 ND ND ND ND ND ND 128 2.6 ND ND ND ND ND ND
53 ND ND ND ND ND ND 181 0.4 0.009 0.003 ND ND ND ND
54 ND ND ND ND ND ND 74.2 1.5 ND ND ND ND ND ND
55 ND ND ND ND ND ND 118 1.1 ND ND ND ND ND ND
56 ND ND ND ND ND ND 179 1.0 ND ND 0.02 0.01 ND ND
57 ND ND ND ND ND ND 93.7 0.3 ND ND 0.02 0.01 ND ND
58 ND ND ND ND ND ND ND ND ND ND 0.10 0.01 0.59 0.03
59 ND ND 0.17 0.05 ND ND 22.9 0.5 ND ND ND ND ND ND
60 ND ND 0.08 0.01 ND ND 29.6 2.8 ND ND ND ND ND ND
61 ND ND ND ND ND ND 230 2.7 ND ND ND ND ND ND
62 0.28 0.01 ND ND 0.008 0.002 189 1.7 0.023 0.014 0.02 0.01 0.18 0.05
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Table 5 (continued). ICP-AES Analysis Results of 62 Las Vegas Area Wells.
No. Mg
mg'L ±mg/L
Mn
mg/L ±mg/L
Ni
mg/L ±mg/L
Results
K
mg/L ±mg/L
Ag
mg/L ±mg/L
Na
mg/L ±mg/L
Zn
mg/L rm g/L
1 25.8 1.9 ND ND ND ND 1.1 0.8 ND ND 5.4 1.0 0.11 0.08
2 26.3 0.4 0.017 0.007 ND ND 1.1 0.8 ND ND 5.2 0.5 ND ND
3 22.8 2.0 ND ND ND ND 1.8 0.2 ND ND 21.0 0.1 0.15 0.12
4 26.7 1.2 ND ND ND ND 1.0 0.4 ND ND 5.2 0.2 0 10 0.03
5 24.1 2.5 ND ND ND ND 1.6 0.4 ND ND 10.5 0.8 1.18 0.14
6 28.2 1.2 ND ND ND ND 1.7 0.1 ND ND 5.9 0.2 0.16 0.07
7 24.7 0.8 ND ND ND ND 2.3 0.4 ND ND 8.0 0.6 0.34 0.18
8 24.4 1.7 ND ND ND ND 0.8 0.6 ND ND 4.3 0.2 ND ND
9 23.5 2.6 ND ND ND ND 1.1 0.6 ND ND 5.2 0.1 ND ND
10 22.5 1.6 ND ND ND ND 0.9 0.6 ND ND 5.5 0.3 0.70 0.06
11 28.9 2.2 ND ND ND ND 1.3 0.2 ND ND 5.2 0.8 0.59 0.12
12 27.1 2.4 0.022 0.012 ND ND 1.2 0.2 ND ND 6.5 0.6 1.17 0.17
13 26.1 1.1 ND ND ND ND 0.9 0.9 ND ND 5.0 0.0 0.47 0.05
14 27.5 0,4 ND ND ND ND 1.2 0.2 ND ND 6.6 0.6 0.30 0.23
15 35.0 0.7 ND ND ND ND 1.8 0.9 ND ND 10.1 0.6 ND ND
16 28.5 2.5 ND ND ND ND 3.3 0.4 ND ND 8.4 0.6 0.13 0.07
17 26.7 1.8 ND ND ND ND 0.9 0.2 ND ND 5.2 0.5 ND ND
18 29.7 2.0 ND ND ND ND 1.4 0.3 ND ND 9.0 0.6 ND ND
19 27.2 1.0 ND ND ND ND 1.0 0.3 ND ND 8.5 0.8 0.13 0.21
20 28.3 2.1 ND ND ND ND 1.5 0.7 ND ND 6.2 0.4 0.53 0.01
21 26.7 2.4 ND ND ND ND 1.7 0.7 ND ND 9.3 1.0 0.22 0.12
22 44.1 3.0 0.017 0.003 ND ND 3.5 0.3 ND ND 25.1 0.9 0.60 0.22
23 24.0 1.4 ND ND ND ND 1.3 0.3 ND ND 7.0 0.5 0.18 0.06
24 27.1 1.0 ND ND ND ND 0.9 0.2 ND ND 5.9 0.6 ND ND
25 25.9 1.2 ND ND ND ND 1.7 0.7 ND ND 5.7 0.3 ND ND
26 27.5 1.3 ND ND ND ND 1.0 0.3 ND ND 4.7 0.8 0.34 0.22
27 28.0 2.2 ND ND ND ND 1.2 0.9 ND ND 5.6 1.0 0.50 0.04
28 52.8 1.5 ND ND ND ND 2.0 0.8 ND ND 49.4 0.7 ND ND
29 28.3 1.6 ND ND ND ND 1.0 0.7 ND ND 10.2 0.4 0.20 0.01
30 95.0 1.6 ND ND ND ND 11.9 0.9 ND ND 102 0.9 ND ND
31 29.2 2.3 0.011 0.001 0.10 0.01 2.5 0.2 0.08 0.03 5.1 0.6 0.25 0.10
32 1.0 2.4 0.008 0.004 ND ND 0.6 0.2 ND ND 14.6 0.7 0.59 0.14
33 25.7 1.3 0.039 0.003 ND ND 1.4 0.9 ND ND 11.0 1.0 0.77 0.21
34 26.8 0.6 0.023 0.004 ND ND 1.2 0.4 ND ND 5.8 0.2 ND ND
35 16.9 1.9 0.002 ND 0.04 0.02 5.0 0.5 0.04 0.02 96.7 0.8 0.10 0.01
36 39.5 1.1 0.001 ND ND ND 2.0 0.4 ND ND 8.3 0.7 ND ND
37 52.2 0.3 0.024 0.004 ND ND 3.4 1.0 ND ND 12.5 0.9 0.94 0.05
38 45.3 0.4 0.001 ND ND ND 2.2 0.3 ND ND 15.9 0.4 0.50 0.08
39 31.4 0.6 0.021 0.004 0.04 0.03 2.5 0.5 ND ND 17.9 0.1 0.94 O il
40 52.2 0.2 0.000 ND ND ND 4.1 0.5 ND ND 57.8 0.6 0.26 0.03
41 48.2 1.4 0.016 0.005 ND ND 18.8 0.3 ND ND 867 0.8 0.68 0.05
42 58.3 0.1 -0.005 ND ND ND 5.4 0.5 ND ND 38.5 0.7 0.08 0.13
43 51.3 2.6 0.068 0.004 ND ND 2.0 0.5 ND ND 14.6 1.0 0.19 0.09
44 33.3 2.9 0.003 ND ND ND 2.0 0.6 ND ND 10.8 0.5 ND ND
45 27.3 2.0 0.061 0.005 ND ND 0.6 0.8 ND ND 18.5 0.3 0.26 0.11
46 45.9 1.5 ND ND ND ND 9.5 0.8 ND ND 106 0.5 0.87 0.15
47 119 0.8 0.245 0.034 ND ND 13.1 0.7 ND ND 109 0.1 0.90 0.09
48 42.7 0.2 0.010 0.003 ND ND 9.7 0.1 ND ND 30.9 0.5 ND ND
49 57.4 1.4 ND ND ND ND 17.6 0.0 ND ND 70.0 0.7 0.16 0.20
50 35.7 3.0 ND ND ND ND 9.7 0.0 ND ND 144 0.3 0.12 0.06
51 74.6 2.5 ND ND 0.04 0.04 18.4 0.8 0.03 0.01 69.6 0.9 0.13 0.10
52 43.4 2.3 ND ND ND ND 12.2 0.7 ND ND 31.4 0.9 0.08 0.16
53 77.6 0.7 ND ND ND ND 11.9 0.3 ND ND 148 0.2 ND ND
54 32.3 1.1 ND ND ND ND 6.7 0.6 ND ND 101 0.6 0.32 0.19
55 50.8 0.9 ND ND ND ND 8.8 0.3 ND ND 96.7 0.3 ND ND
56 55.4 2.2 ND ND ND ND 17.2 0.9 ND ND 57.1 0.4 0.24 0.24
57 52.9 2.4 ND ND ND ND 2.8 0.9 ND ND 55.5 0.7 0.14 0.17
58 ND ND ND ND ND ND 0.7 0.3 ND ND 346 0.5 ND ND
59 46.6 2.6 ND ND ND ND 5.1 0.5 ND ND 17.0 O.I ND ND
60 54.0 0.3 ND ND ND ND 5.0 0.7 ND ND 18.2 0.3 0.20 0.17
61 87.4 0.5 ND ND ND ND 14.5 0.2 ND ND 82.7 0.8 ND ND
62 296 0.5 ND ND 0.03 0.01 7.2 0.6 ND ND 216 0.5 0.34 0.11
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depth between 250 and 600 feet. The results suggest that the total metals varies 
greatly within the deep zone aquifer from where samples were obtained. The data 
were then sorted according to range. The total metals concentration increase as the 
well location changes from west to east as shown in Figure 5. The data were sorted 
according to township. The total metals concentration increase as the well location 
changes from north to south as shown in Figure 6 . These plots confirm information 
found in literature indicating that total metals concentration increases as aquifer water 
flows through the fine sediments of the east and south areas of the Las Vegas Valley
(8X
Information obtained from ICP-AES trace-metal analysis of 62 wells (Table 5) 
was used to determine sample collection areas for the second phase of this thesis 
research. Samples were collected from three areas in the Las Vegas Valley: 
northwest, southwest, and southeast. Six groundwater well samples were collected 
from the northwest and southwest, four samples were collected from the southeast. 
Three samples of treated Lake Mead water were collected from three recharge wells. 
The six groundwater well samples and three treated Lake Mead water samples were 
analyzed by ICP-AES and ICP-MS.
Northwest, southwest, and southeast area wells and recharge wells (treated 
Lake Mead water) were analyzed first by ICP-AES (tables 6-9).
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Table 6. ICP-AES Analysis Results of Northwest Area Wells.
Elcnicnl
N.W  
Sample #18 
(mg/L)
±
(mg/L)
N .W  
Sample #19 
(mg/L)
±
(mg/L)
N.W. 
Sample #5 
(mg/L)
±
(mg/L)
N.W. 
Sample #13 
(mg/L)
±
(mg/L)
N.W 
Sample #10 
(mg/L)
±
(mg/L)
N.W. 
Sample #11 
(mg/L)
±
(mg/L)
Average
(mg/L)
Standard
Deviation
(mg/L)
Relative Standard 
Deviation 
(%)
Al ND ND ND ND ND ND ND ND ND ND ND ND
Ba 0,09 0.01 0.05 0.01 0.05 0.02 0.14 0.01 0.14 0.02 0.15 0.03 0.10 0.05 51.7
Cd ND ND ND ND ND ND ND ND ND ND ND ND
Ca 45.4 1.1 53.2 0.9 54.9 1.6 31.77 0.6 28.45 0.5 39.35 0.7 42.2 12.3 29.1
Cr ND ND ND ND ND ND ND ND ND ND ND ND
Cu 0.07 0.02 0.02 0.05 0.06 0.02 ND ND ND ND ND ND 0.02 0.04 180
Fe ND ND ND ND ND ND ND ND ND ND ND ND
Mg 25.8 1.1 26,1 1.0 25.4 0.9 23.5 0.7 20.4 0.9 25.1 1.1 24.4 2.4 9.81
Mn ND ND ND ND ND ND ND ND ND ND ND ND
Ni ND ND ND ND ND ND ND ND ND ND ND ND
K 1.5 0.4 1.1 0.6 0.9 0.5 1.9 0.8 1.8 0.9 1.7 0.7 1.5 0.47 31.6
Ag ND ND ND ND ND ND ND ND ND ND ND ND
Na 7.8 0.5 5.1 0.4 5.1 0.7 16.9 1.2 13.3 1.1 11.4 0.8 9.9 5.3 53 7
Zn 0,09 0.01 0.24 0.02 0.25 0.03 0.09 0.01 0.16 0.04 0.03 0.01 0 15 0.10 67.0
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Table 7. ICP-AES Analysis Results of Southwest Area Wells.
Element
S.W. 
Southwest #8 
(mg/L)
±
(mg/L)
S.W. 
Southwest f l 2  
(mg/L)
±
(mg/L)
S.W. 
Southwest H9 
(mg/L)
±
(mg/L)
S.W. 
Sotithwest #4 
(mg/L)
±
(mg/L)
S.W. 
Southwest #3 
(mg/L)
±
(mg/L)
S.W. 
Southwest #7 
(mg/L)
±
(mg/L)
Average
(mg/L)
Standard
Deviation
(mg/L)
Relative Standard 
Deviation 
(%)
AI ND ND ND ND ND ND ND ND ND ND ND ND
Ba NO ND ND ND 0.14 0.02 ND ND ND ND ND ND 0.02 0.05 244
Cd ND ND ND ND ND ND ND ND ND ND ND ND
Ca 91.4 1.5 102 1.7 28.6 0.6 106 0.8 112 1.1 107 0.9 91.2 .35.2 38.6
Cr ND ND ND ND ND ND ND ND ND ND ND ND
Cu ND ND ND ND ND ND ND ND ND ND 0.06 0.02 0.01 0.02 224
Fc ND ND ND ND ND ND ND ND ND ND ND ND
Mg 44.1 1.5 49,8 1.1 20.5 0.9 53.9 1.0 56.3 0.8 46.4 1.2 45.2 14.4 31.9
Mn ND ND ND ND 0.011 0.002 ND ND ND ND ND ND 0.002 0.004 224
Ni ND ND ND ND ND ND ND ND ND ND ND ND
K 2.1 0.9 3.7 0.8 1.8 0.4 3.5 I .I 3.8 1.3 9.8 1.5 4.1 3.3 79.8
Ag ND ND ND ND ND ND ND ND ND ND ND ND
Na 12.9 1.5 32.6 1.3 13.4 1.1 28.6 1.7 44.1 0.8 113 1.6 40.7 41.6 102
Zn 0.96 0.07 0.23 0,05 0,16 0.03 1.0 0.04 0.22 0.07 0.27 0.08 0.47 0 4 4 93.1
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Table 8. ICP-AES Analysis Results of Southeast Area Wells.
Element
Southeast 
Sample #14 
(mg/L)
±
(mg/L)
Southeast 
Sample #6 
(mg/L)
1
(mg/L)
Sotithcasi 
Sattipic #16 
(mg/L)
±
(mg/L)
Southeast 
Sample #15 
(mg/L)
±
(mg/L)
Average
(mg/L)
St.mdard Deviation 
(mg/L)
Relative Standard 
Deviation 
(%)
AI ND ND ND ND ND ND ND ND
Ba ND ND ND ND ND ND ND ND
Cd ND ND ND ND ND ND ND ND
Ca 156 1.2 134 1.5 114 I.I 317 2,4 180 93.1 51.6
Cr ND ND ND ND ND ND ND ND
Cu ND ND ND ND ND ND ND ND
Fe ND ND ND ND ND ND ND ND
Mg 74.9 1.3 57.6 0.9 48.6 1.1 142 1,7 80.8 42.3 52.3
Mn ND ND ND ND ND ND ND ND
Ni ND ND ND ND ND ND ND ND
K 8.4 0.7 6.5 0.9 6.1 0 .8 13.9 1.2 8.73 3.7 41.8
Ag ND ND ND ND ND ND ND ND
Na 33.7 1.1 26.3 1.4 24.6 1.3 78.4 1.7 40.7 25,4 62.4
Zn 0.43 ND ND ND 0.13 0.06 ND ND 0.14 0.18 125
* m g /L  =  m illig ram s p e r  lite r N D  =  no t de tec ted
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Table 9. ICP-AES Analysis Results of Artificial Recharge Wells.
Element Recharge Recharge Recharge Standard Relative Standard
Sample #1 ±  Sample #2 ±  Sample #17 ± Average Deviation Deviation
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (%)
-O At ND ND ND ND ND ND
Ba O .ll 0.01 0.11 0.02 0.11 0.01 0.11 0.002 2.1
=  Cd ND ND ND ND ND ND
C a 76.3 1.6 74.7 1.4 75.1 1.7 75.4 0.8 1.1
C r ND ND ND ND ND ND
Cu 0.40 0.02 0.02 0.01 0.28 0.02 0.23 0.20 84.8
Fe ND ND ND ND ND ND
M g 28.2 1.2 27.8 I .I  28.6 1.3 28.2 0.4 1.5
Mn ND ND ND ND ND ND
Ni ND ND ND ND ND ND
K 4.3 0 .6  4.1 0.5 4.4 0.7 4.3 0.1 3.1
Ag ND ND ND ND ND ND
p  Na 93.9 1.9 92.1 1.8 95.3 1.5 93.8 1.6 1,7
Zn 0.29 0.07 0.21 0 .08  0.27 0.07 0.26 0.04 16.9
m g /L  =  m illig ra m  p e r lite r N D =  no t d e te c te d
t>>VO
40
Results were averaged and plotted, concentration versus element (figures 7-9) 
producing an element profile of the private groundwater wells by area and the 
recharge water (treated Lake Mead water). The plots indicate that concentrations of 
several elements (e.g.. Mg, K, and Na), are substantially different between the 
recharge water and the area well water. To verify what the plots visually indicate, 
ICP-AES results were statistically analyzed using the Student t-test to determine 
differences in element concentrations between area wells and treated Lake Mead 
water. Results of the statistical analysis comparing average element concentrations of 
the waters are shown in tables 10- 12.
Statistical analysis shows a significant difference in the concentrations of Cu 
(90%), Mg (14%), K (187%), Na (89%), and Zn (42%) for northwest area well 
water, Ba (82%), Mg (60%), and Na (89%) for southwest area well water, and Ba 
(100%), Cu (475%), Na (89%), Mg (186%), and Zn (50%) for southeast area well 
water and those found in recharge water. A review of the ICP-MS data suggest the 
Cu and Zn results were biased as a result of contamination during analysis, and are 
excluded. Results suggest the Mg and Na are suitable markers for elemental 
signamre analysis of well water in the northwest, southwest, and southeast areas of 
the Las Vegas Valley.
The means for Mg and Na were determined for each area. For each area, 
the Mg mean was divided by the Na mean to determine if a trend existed between 
the aquifers and the recharge water. The following ratios were obtained:
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Figure 9. ICP-AES Element Concentration Comparison of Artificial Recharge Water and SE Area Well Water
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Table 10. Student t-test of Metals Data in Artificial Recharge Water and NW Area Water
El Average
Standard
Deviation
Test
Results Uncertainty
Degrees
o f
Freedom
Standard
Deviation Average
X S S '2 Va della Means are 
Different
f U f» Va/na Vb/nb (V a tV h )"2 Vb S"2 S X
(mg/L) (mg/L) n = 3 n = 6 (mg/L) (mg/L)
A\ ND ND
Ba 0.11 0.002 6.00C-0S 2.00e-06 0.009 no 2.776 0.0600 4 8.413e-13 3.61X)e-08 2.190e-07 0.000466 0.002795 0.05 0.10
Cd ND ND
Ca 75.4 0.8 6.52eO I 2.17e-02 33.2 yes 2.776 13.95 4 1.I82C-02 1.045C-02 6.381c 102 25.04745 1.502c+ 02 12.3 42.2
Cr ND ND
Cu 0.23 0.20 3.87C-02 l.29e-03 0.211 no 4.303 0.4937 2 4.l67e-06 I.IOOc-08 l.730e-0l 2.54e(M I.524C-03 0.04 0.02
Fe ND ND
Mg 28.2 0.4 l.72e-OI 5.74C-02 3.76 yes 2.571 2.587 5 8.25ÜC-04 l.520e-0l l.025e+ 00 9.55C-OI 5.729c + (X) 2.4 24.4
Mn ND ND
Ni ND ND
K 4.3 0.1 1.72C-02 5.72C-03 2.78 yes 2.447 0.5260 6 8 l90e-07 2.l76e-04 I.752e03 3.61e-03 2 .l68eO I 0.47 1.5
Ag ND ND
Na 93.8 1.6 2.55C-00 8.53C-OI 83.9 yes 2.447 5.796 6 I.8I3C-OI 3 775e-(X) 3 .l4 8 e f0 1 4.76e-04 2.855C + OI 5.3 9.9
Zn 0.26 0.04 l.9 le-03 6.37e-(M 0.113 yes 2 306 O H IO 8 I.OI6e-08 4.080c07 5.(XX)c-06 1 56C-05 9 .388e03 0.10 0.15
‘ A n a ly sis  by  IC P -M S  n ig /l . =  m illig ra m s p e r  lite r N D =  not dc icc icd
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Table 11. Student t-test of Metals Data in Artificial Recharge Water and SW Area Well Water.
El Average
X
(mg/L)
Standard
Deviation
S
(mg/L)
Variance
S' Va
n=3
delta
Test 
Results 
Means are 
Différent
t'
Uncertainty
(I
Degrees of 
I'reedom 
f Va/na Vh/nh (Va+Vh)‘2 Vb
n™6
Variance
S'
Standard
Deviation
S
(mg/L)
Average
X
(mg/L)
AI Nl) ND
Ba O il 0.002 0.0000 0.0000 0.074 yes 2.776 0.0638 4 8.4I3C-13 4.600e08 2.78c 07 5.26c 01 3.16c 03 0.05 0.02
Cd ND ND
Ca 75.4 0.8 0.6523 0.2174 15.82 no 2.776 39.89 4 I.l82e0l 7.095ef03 4.27C+04 2.06e+()2 l.24e+02 35.2 91.2
Cr ND ND
Cu 0.23 0.20 0.0387 0.0129 0.219 no 4.303 0.491 2 4 I67e 05 2.000c 09 l.()7c()4 1.22c 04 7.30c()4 0.02 0.01
I'c ND ND
Mg 28.2 0.4 0.1723 0.0574 16.99 yes 2.776 16.35 4 8.250c (M 2.001c+02 1 201c+ 03 3.46C+0I 2.079c+ 02 14.4 45.2
Mn ND ND
Ni ND ND
K 4.3 0.1 0.0172 0.0057 0.141 no 2.776 3,724 4 8 .190c (16 5.350C01 3 23tc(00 n 9 c  + U0 1.075c+m 3.3 4.1
Ag ND
Na 93.8 1.6 2.555 08517 .53.09 yes 2.776 47.21 4 1 8l3eOI l.385e+04 8 36le ()4 2.88c+02 1 729C+03 41.6 40.7
Zn 0.26 0.04 0.0019 0.0006 0.215 no 2.776 0.5038 4 I.0l6c07 1.739c (14 1.085c (13 3 23c02 1 938c(l2 044 0.47
* A n a ly sis  by  IC P -A E S  m g /L  =  m illig ram s p e r  lite r N D  =  not detectetl
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Table 12. Student t-test of Metals Data in Artificial Recharge Well Water and SE Area Well Water
3(/)(A
o'
El Average
X
(mg/L)
Standard
Deviation
S
(mg/L)
Variance
S> Va
n = 3
dclU)
Test
Results
Means are 
Different
t ’
Uncertainty
U
Degrees o f 
Freedom
f* Va/na Vb/nb (Va + Vb)*2 Vb
n = 4
Variance
S '
Standard
Deviation
S
(mg/L)
Average
X
(mg/L)
AI ND ND
Ba O .ll 0.002 0.0000 0.0000 0.074 yes 2.776 0.0638 4 8.413C-13 4.600C-08 1 7 8 c  07 5.26C-04 3.l6e-03 0.05 ND
Cd ND ND
Ca 75.4 0.8 0.6523 0.2174 15.82 no 2.776 39.89 4 1.182e-01 7.095c+03 4 .27c+04 2.06c+ 02 1.24c+ 02 35.18 91.19
Cr ND ND
Cu 0.23 0.20 0.0387 0.0129 0.219 no 4.303 0.491 2 4.167e-05 2.000e-09 1.07e+M 1.22C-04 7.30e-04 0.027 0.014
Fe ND ND
Mg 28.2 0.4 0.1723 0.0574 16.99 yes 2.776 16.35 4 8.250e-04 2.00IC + 02 l.2(Me + 03 3.46C + 01 2 .0 7 9 er0 2 14.42 45.16
Mn ND ND
Ni ND ND
K 4.3 0.1 0.0172 0.0057 0.141 no 2.776 3.724 4 8.190e-06 5.350C-OI 3 23IC + 00 1.79c+ (X) I.075C+0I 3.28 4.11
Ag ND
Na 9.3.8 1.6 2.555 0.8517 53.09 yes 2.776 47.21 4 1813c 01 I 3 8 5 e r0 4 8 .3 6 le0 4 2.88C + 02 1.729c+ 03 41.59 40.71
Zn 0.26 0.04 0.0019 0.(XX)6 0.215 no 2.776 0.5038 4 I.0I6C-07 1.739C-04 1.085e-03 3.23c (12 1.938c (12 0.440 0 4 7 3
♦ A n a ly sis  by  IC P -A E S  m g /L  =  m illig ra m s p e r  liter N D  =  not de tec ted
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AR water =  0.30, NW area well water =  2.45, SW area well water — 1.11 and the 
SE area well water =  1.93. These same ratios were determined and reviewed for the 
area wells. It is interesting to note that the ratios ranged from 0.0004 to 5.84, the 
median being 2.84. Of the ratios determined, 90.3% of the wells analyzed had a ratio 
of at least 0.1 greater than the recharge water, 6.5% of the wells had a ratio of at 
least 0.1 less than the recharge water, and 3.2% of the wells had a ratio that was 
within ±0.05 of the recharge water.
Initial ICP-AES analysis of the groundwater indicated that the element 
concentrations varied with valley location, i.e., northwest, southwest, southeast. A 
statistical comparison was conducted between the treated Lake Mead water and the 
groundwater in area wells. The question that arises when comparing the results 
obtained from the different sources is "Do the means of the two measured values 
(recharge water data and well water data) disagree significantly". The decision on 
disagreement is based on whether the difference of the two values exceeds its 
statistical uncertainty. The method used depends on whether the respective standard 
deviation estimates may be considered to be significantly different (24). In order to 
test if the means of the data obtained differ, the following hypothesis was used for the 
statistical test: There is reason to believe the standard deviation differs between area 
well waters and recharge water.
For this test the significance level chosen was 
alpha =  0.05 (95% confidence). The estimated variance of each value was 
computed using the individual estimates of the standard deviations.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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'  I;
The effective number of degrees of freedom f  were computed using the following 
equations:
The uncertainty U is equal to
tJ = t '  y v ,  + V.,
where t ’ is the effective value of t based on f* degrees of freedom.
vf
r i a  +  1  r i b  +  1
The absolute differences in means delta was determined using the following equation:
delta = I Xa - Xb I
The test was finished by comparing delta with the uncertainty. If delta is greater than 
or equal to U, then no difference in concentration between the recharge water and 
area well water has been demonstrated. The t value used for the significance was 
derived from the statistical Smdent t-test tables. (24) This statistical test was also 
used to compare ICP-MS data.
When necessary, samples with a TDS greater than 500 ppm were diluted with 
1% HNO3 to obtain a TDS concentration of 500 mg/L or less. The samples were 
then analyzed by ICP-MS for 58 elements including those having multiple isotopes. 
ICP-MS results are grouped with the standards that were used for analysis. Group 1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
49
(standard 1) well water results are listed in tables 13-16. Group 2 (standard 2) well 
water results are listed in tables 17-20. Group 3 (standards 3 and 4) results are listed 
in tables 21-24. As with ICP-AES results, the ICP-MS results were averaged and 
plotted concentration versus element (figures 10- 12) producing an element profile of 
the wells by area and the recharge water. To verify what the plots visually indicate, 
ICP-MS results were statistically analyzed by the Student t-test to determine 
differences in element concentrations between area well water and recharge water. 
Results of the statistical analysis comparing average element concentrations of the 
waters are shown in tables 25-33.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 13. ICP-MS Analysis Results for Group 1 Elements in Northwest Area Wells.
CD
Q.
"O
CD
(/)(/)
El Mass
Nonhwcsi 
Sample #18 
(ng/L)
±
(ng/L)
Nonhwesi 
Sample #19 
(ng/L)
±
(ng/L)
Northwest 
Sample #5 
(ng/L)
±
(ng/L)
Northwest 
Sample #13 
(ng/L)
±
(ng/L)
Northwest 
Sample #10 
(ng/L)
±
(ng/L)
Northwest 
Sample #11 
(ng/L)
±
(ng/L)
Average
(ng/L)
Standard
Deviation
(ng/L)
Relative Standard 
Deviation 
(%)
V 89 2.19 0.07 1.57 0.07 0.75 0.05 2.35 0.06 1.84 0.12 2.37 0.08 1.85 0.57 30.7
La 139 1.51 0.03 3,69 0.10 1.38 0.03 1.77 0.04 4.85 0.26 28.70 0.42 6.98 9.80 140
Cc 140 1.09 0.(M 0,97 0.05 0.37 0.04 135 0.02 1.05 0.05 26.10 0.26 5.16 9.37 182
Pr 141 O .ll 0.01 0.14 0.01 ND ND 0.18 0.01 0.12 0.02 3.38 0.06 0.65 1.22 186
Nd 143 0.46 0.05 0.52 0.04 ND ND 0.64 0.13 0.66 0.26 7,47 0.25 1.62 2.62 162
Nd 146 0.57 0.04 0.61 0.04 0 16 0.03 0.86 0.09 0.54 0.08 7.65 0,39 1.73 2.65 153
Sm 147 0.25 0.04 0.12 0.06 ND ND ND 0.04 ND ND 0.13 0.02 0.13 0.10 82.4
Sm 149 0.24 0.04 ND ND ND ND ND 0.04 0.19 0.04 ND ND 0.12 0.12 102
Eu 151 4.87 0.25 2.31 0.05 0.51 0.02 6.62 0.12 0.53 0.06 ND ND 2.47 2.47 100
Eu 153 9.15 0.41 4,41 0.10 0.97 0.08 12.40 0.56 0.99 0.16 ND ND 4.65 4.63 100
Gd 157 0.27 0.03 0.21 0.02 ND ND 0.41 0.09 0.09 0.04 0.42 0.04 0.23 0.16 66.4
Gd 158 O .ll 0.04 ND ND ND ND ND ND ND ND 0.42 0.02 0  09 0.15 174
Tb 159 ND ND ND ND ND ND ND ND ND ND ND ND ND
Dy 161 0.11 0.05 ND ND ND ND ND ND ND ND 0.28 0.05 0.07 0.10 159
Dy 163 ND ND ND ND ND ND ND ND ND ND 0.30 0.03 0.05 O i l 224
Ho 165 ND ND ND ND ND ND ND ND ND ND ND ND ND
Er 166 ND ND ND ND ND ND ND ND ND ND 0.20 0.03 0.03 0.07 224
Er 167 ND ND ND ND ND ND ND ND ND ND 0,19 0.03 0.03 0.07 224
Tm 169 ND ND ND ND ND ND ND ND ND ND ND ND ND
Yb 173 ND ND ND ND ND ND ND ND ND ND 0.17 0.03 0.03 0.06 224
Vb 174 ND ND ND ND ND ND ND ND ND ND ND ND ND
Lu 175 ND ND ND ND ND ND ND ND ND ND ND ND ND
Pi (IS) 195
Th 232 ND ND ND ND ND ND ND ND 0.19 0.04 ND 0.01 0.03 0.07 224
IS  =  In ic rn a l S iantJard  n g /L  =  n a n o g ra m  p e r lite r N D  -  no t d e l a t e d
U\o
■o
o
Q .
C
8
Q .
■D
CD
(/)W
o"3
0
5
CD
8
■D
3.CÛ3"
1
3
CD
"n
cp.
3"
CD
CD■O
O
Q .
C
aO
3
TD
O
Table 14. ICP-MS Analysis Results for Group 1 Elements in Southwest Area Wells.
CD
Q .
"O
CD
C / )
C / )
El Mass
Southwest 
Sample #8 
(ng/L)
±
(ng/L)
Southwest 
Sample #12 
(ng/L)
±
(ng/L)
Southwest 
Sample #9 
(ng/L)
±
(ng/L)
Southwest 
Sample #4 
(ng/L)
±
(ng/L)
Southwest 
Sample #3 
(ng/L)
±
(ng/L)
Southwest 
Sample #11 
(ng/L)
±
(ng/L)
Average
(ng/L)
Standard
Deviation
(ng/L)
Relative Standard 
Deviation 
(%)
Y 89 0.95 0.03 4.03 0.08 1.39 0.09 3.63 0.04 3.23 0.14 2.84 0.06 2.68 1.13 42.2
La 139 5.32 0.05 2,19 0.06 2.81 0.09 2.83 0.05 2.00 0.06 6.40 0.08 3.59 1.66 46.3
Cc 140 0.42 0.02 1.49 0.03 1.30 0.03 1.49 0.05 0.75 0.05 0.77 0.07 1.04 0.41 39.7
Pr 141 ND ND 0.24 0.02 0.17 0.01 0.47 0.01 0.09 0.02 0.12 0.00 0.18 0.15 81.2
Nd 143 ND ND 0.86 0.07 0.72 0.03 0.87 0.09 ND ND 0.54 0.18 0.50 0.37 74.0
Nd 146 0.17 0.04 0.90 0.07 0.74 0.04 0.97 0.09 0.33 0.08 0.57 0.02 0.61 0.29 47.0
Sm 147 ND ND 0.23 0.03 0.17 0.04 0.43 0.10 ND ND ND ND 0.14 0.16 114
Sm 149 ND ND 0.20 0.04 0.18 0.05 0.46 0.09 ND ND ND ND 0.14 0.17 119
Eu 151 ND ND 0.76 0.09 2.50 0.05 1.20 0.20 0.91 0.10 0.12 0.05 0.91 0.82 90.2
Eu 153 ND ND 1.39 0.06 4.79 0.07 1.87 0.09 1.60 0.04 0.19 0.02 1.64 1.57 96.0
Gd 157 ND ND 0.18 0.07 0.24 0.05 0.56 0.12 0.13 0.06 0.10 0.08 0.20 0.18 87.2
Gd 158 ND ND 0.15 0.04 ND ND 0.47 0.05 ND ND ND ND 0.10 0.17 168
Tb 159 ND ND ND ND ND ND 0.39 0.06 ND ND ND ND 0.07 0.15 224
Dy 161 ND ND 0.19 0.05 ND ND 0.51 0.09 ND ND 0.12 0.07 0.14 0.18 133
Dy 163 ND ND 0.20 0.06 ND ND 0.51 0.07 ND ND ND ND 0.12 0.19 160
Ho 165 ND ND ND ND ND ND 0.39 0.03 ND ND ND ND 0.07 0.15 224
Er 166 ND ND 0.18 0.04 ND ND 0.57 0.04 ND ND O .ll 0.03 0.14 0.20 141
Er 167 ND ND 0.21 0.05 ND ND 0.54 0.06 ND ND ND ND 0.12 0.20 162
Tm 169 ND ND ND ND ND ND 0.39 0.01 ND ND ND ND 0.06 0.15 224
Yb 173 ND ND 0.21 0.05 ND ND 0.65 0.12 ND ND 0.15 0.13 0.17 0.23 137
Yb 174 ND ND ND ND ND ND 0.45 0 0 7 ND ND 0.17 0.03 0.10 0.17 161
Lu 175 ND ND ND ND ND ND 0.40 0.02 ND ND ND ND 0.07 0.15 224
Pi (IS) 
Th
195
232 ND ND ND ND ND ND 0.41 0.03 0.21 0.03 ND ND 0.10 0.16 151
IS =  In te rn a l S ta n d a rd  n g /L  =  n a n o g ra in s  p e r  liter N D  =  no t d e tec ted
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Table 15. ICP-MS Analysis Results for Group 1 Elements in Southeast Area Wells.
El Mass
Southeast 
Sample #14 
(ng/L)
±
(ng/L)
Snuthcast 
Sample #6 
(ng/L)
±
(ng/L)
Southeast 
Sample #16 
(ng/L)
±
(ng/L)
Southeast 
Sample #15 
(ng/L)
±
(ng/L)
Average
(ng/L)
Standard
Deviation
(ng/L)
Relative Standard 
Deviation 
(%)
Y 89 4.09 0.02 2.27 0.04 5.41 0.22 6.71 0.04 4.62 1.64 35.6
La 139 3.49 O .ll 1.77 0.09 3.74 0.15 2.37 0.14 2.84 0.81 28.4
Ce 140 1.18 0.05 0.32 0.03 3.19 0.22 1.02 O i l 1.43 1.07 74.9
Pr 141 0.15 0.03 0.10 0.01 0.52 0,07 0.20 0.03 (1.24 0.16 67.6
Nd 143 0.54 0.03 0.36 0.20 1.70 0.32 0.76 0.01 (1.84 0.52 61.4
Nd 146 0.55 0.17 0.40 0.04 1.75 0.21 0.90 0.06 0.90 0.52 58.2
Sm 147 ND ND ND ND ND ND ND ND ND
Sm 149 ND ND ND ND 0.24 0.06 ND ND 0.06 0.10 173
Eu 151 0.48 0.02 ND ND 0.73 0.17 ND ND 0.30 0.32 104
Eu 153 0.71 0.01 ND ND 1.28 0.05 0.23 0.02 (1.56 0.49 88.4
Gd 157 0.18 0.09 ND ND 0.26 0,12 0.24 0,06 0.17 0.10 60,2
Gd 158 0.17 0.05 ND ND 0.21 0.08 0.21 0.10 0.15 0.09 58.6
Tb 159 ND ND ND ND ND ND ND ND ND
Dy 161 0.16 0.03 ND ND 0.17 0.12 0.20 0.06 0.13 0.08 59.0
Dy 163 0.15 0.03 O i l 0.04 0.22 0,07 0.23 0.10 0.18 0,05 27.6
Ho 165 ND ND ND ND ND ND 0,08 0.01 0.02 0.03 173
Er 166 0.18 0.03 O i l 0.02 0.18 0,02 0.22 0.03 0.17 0.04 24.6
Er 167 0.19 0.03 ND ND 0.22 0.08 0.19 0.04 0.15 0.09 58.2
Tm 169 ND ND ND ND ND ND ND ND ND
Yb 173 0.17 0.09 ND ND 0.23 0.07 0.27 O .ll 0.17 0.10 61.7
Yb 174 ND ND ND ND ND ND 0.20 0.08 0.05 0.09 173
Lu 175 ND ND ND ND ND ND ND ND ND
P t(lS ) 195
Th 232 ND ND ND ND ND ND ND ND ND
IS =  In te rn a l S ta n d a rd  n g /L  =  n a n o g ra n i p e r  liter N D  -  not de tec ted
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Table 16. ICP-MS Analysis Results for Group 1 Elements in Artificial Recharge Wells.
El Mass
Recharge 
Sample #1 
(ng/L)
±
(ng/L)
Recharge 
Sample #2 
(ng/L)
±
(ng/L)
Recharge 
Sample #17 
(ng/L)
±
(ng/L)
Average
(ng/L)
Standard
Deviation
(ng/L)
Relative Standard 
Deviation 
(%)
Y 89 3.42 0.08 3.26 0,02 3 21 0.09 3.29 0.09 2.7
La 139 4.10 0.68 5.74 0.10 2.27 0.04 4.04 1.42 35.1
Ce 140 0.78 0.04 0.42 0.02 0.81 0.05 0.67 0.18 26.3
Pr 141 0.07 0.01 0.07 0.01 0.09 0.01 0.08 0.01 13.3
Nd 143 0.54 0.74 0.34 0.06 0.50 0.10 0.46 0.09 18.8
Nd 146 0.27 0.09 0.46 0.08 0.66 0.13 0.46 0.16 34.2
Sm 147 ND ND 0.18 0.05 0.23 0.03 0.14 0.10 71.9
Sm 149 ND ND 0.26 0.05 0.24 0.04 0.17 0.12 70.8
Eu 151 4.00 0.27 4.01 0.21 4.82 0.12 4.27 0.38 8.9
Eu 153 8.88 0.48 7.78 0.27 9.36 0.36 8.67 0.66 7.6
Gd 157 0.78 0.08 0.70 0.13 0.72 0.05 0.73 0.04 5.0
Gd 158 0.41 0.12 0.45 0.03 0.49 0.05 0.45 0.03 7.3
Tb 159 ND ND ND ND ND ND ND
Dy 161 0.14 0.28 0.18 0.03 0.14 0.03 0.15 0.02 12.8
Dy 163 0.12 0.05 0.18 0.05 0.14 0.04 0,15 0.03 17.2
Ho 165 ND ND 0.07 0.01 ND ND 0.02 0.03 141
Er 166 0.24 0.08 0.37 0.02 0.29 0.07 0.30 0.05 17.7
Er 167 0.20 0.05 0.36 0.03 0.33 0.05 0.30 0.07 23.7
Tm 169 ND ND ND 0,01 ND ND ND
Yb 173 0.13 0.13 0.80 0.20 0.67 0.05 0.53 0.29 54.4
Yb 174 ND ND 0.75 0.08 0.53 0.04 0.43 0.31 73.8
Lu 175 0.16 0.01 0.15 0.01 0.13 0.02 0.15 0.01 8.7
P t(lS ) 195
Th 232 ND ND ND ND ND ND ND
IS =  In ic rn a l S ta n d a rd  n g /L  =  n a n o g ra m s  per lite r N D  =  not de tec ted
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Table 17. ICP-MS Analysis Results of Group 2 Elements in Northwest Area Wells.
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El Mass
NorUiwcsl 
Sample #18 
(pg/L)
±
(pg/l.)
Northwest 
Sample #19 
(,'g/L)
±
(pg/l.)
Northwest 
Sample #5 
(pg/l.)
±
(pg/l.)
Northwest 
Sample #13 
(pg/1.)
±
(pg/E)
Northwest 
Sample #10 
(pg/1.)
±
(pg/L)
Northwest 
Sample #11 
(pg/L)
±
(pg/1.)
Average
(pg/1-)
Standard
Deviation
(pg/1.)
Relative Standard 
Deviation 
(» )
El 7 5.09 0.097 3.34 0.018 3.28 0.041 9.80 0.065 14.49 0.429 7.16 0.141 4.43 1,53 1.4
Be 9 ND ND ND ND ND ND ND ND ND ND ND ND ND
At 27 1.19 0.022 0.82 0.017 1.67 0.026 1.62 0.031 2.37 0.069 1.12 0.037 1.29 0.33 53.5
V 51 1.49 0.040 1.23 0.002 1.25 0.007 3.10 0.091 1.09 0.027 2.39 0.033 1.52 0.45 3.4
Cr 52 1.34 0.008 0.93 0.007 0.88 0.004 4.61 0.167 0.51 0.021 2.55 0.033 1.31 0.64 3.7
Cr 53 1.03 0.030 0.64 0.024 0.58 0.032 4.37 0.155 0.43 0.047 2.26 0013 1.02 0.64 9.4
Mn 55 0.79 0.017 0.69 0.005 0.92 0.012 0.25 0.008 5.61 O.Itt 0.20 0.006 0.71 0.27 41.0
Co 59 0.02 0.001 0.01 0.001 0 01 0.000 ND ND 0.05 0.004 ND 0.000 0.01 001 19,0
Ni 60 0.68 0.027 0.50 0.009 0.61 0.017 0.35 0.006 1.27 0.064 0.43 0.014 0.57 0.09 103
Ni 62 0.53 0.029 0.21 0.009 0.42 0.036 0.19 0.018 0 33 0.021 0.24 0.014 0.37 0.12 107
Cu 63 59.7 0.6 3.9 0.0 48.0 0,8 2.8 0.1 5.2 0.1 I.I 0.03 32.2 24.6 65.0
Cu 65 61.6 1.0 3.9 0.0 48.0 0.9 2.6 0.1 4.6 O.t 1.0 0.03 32.9 25,3 67.2
Zn 66 71.9 0.9 171 I.I 180 1.7 69.9 t.9 198 1.7 25.6 0.3 126 64.6 14.1
Zn 68 71.4 0.8 171 0.5 179 2.7 70.3 2.1 197 1.9 27.0 0.4 126 64.0 14.3
Ca 69 1.03 0.023 0.52 0.004 0.50 0.009 1.56 0.039 0.19 0.005 1.55 0.024 0.82 0.42 0.7
Ga 71 0.02 0.000 0.02 0.001 0.02 0.000 0.01 0.001 o.ot o.oot 0.01 0,000 0.02 0.00 70.8
As 75 1.36 0.030 0.82 0.015 0.88 0.005 1.54 0.028 2.57 0.079 1.16 0.020 1.02 0.21 4.1
Se 77 1.15 0.107 1.37 0,107 1.47 0.097 1.09 0.119 5.49 0.354 1.04 0.094 1.30 0.17 8.1
Sc 82 1.10 0.210 1,37 0.208 1.48 0.305 1.06 0.214 4.89 0.281 1.08 0.223 1.30 0.18 2.2
Rb 85 1.90 0.026 1.25 0.012 0,94 0.018 1.73 0.073 5.22 0.017 1.58 0.025 1.32 0.38 5.2
Sr> 86 551 195 426 3 547 201 788 6 635 9 412 7.6 496 63.4 2.7
Sr> 88 92.7 2 93.5 2.6 93 0 4,3 94.2 5.3 75.9 1.7 93.4 2.5 93.1 0.29 2.8
Ag 107 0.07 0.005 0.06 0.005 ND ND ND 0.001 0.02 0 005 ND 0.001 0.03 0.03 16.8
Ag 109 0.06 0.007 0,05 0.002 ND ND ND 0.001 0.02 0.004 ND 0.000 0.02 0.03 70.8
Cd III 0.04 0.001 0.09 0.005 0.05 0.001 0.06 0.003 0.05 0002 0.07 0.004 0.06 0.02 71.7
Cd 114 0.03 0.001 0,08 0.003 0.04 0.002 0.05 0.002 0.04 0.001 0.05 0.004 0.05 0.02 73.1
In 115 ND ND ND ND ND ND ND ND ND ND ND ND ND
Cs 133 0.10 0.006 0.03 0.002 0.01 0.001 ND ND 0.59 0.006 ND ND 0.04 0.03 141
Ba 135 87.2 2.1 45.0 0.3 44.0 0.8 126.5 6.1 18.7 0.1 130.5 0.7 70.1 34.5 3.4
Ba 137 85.3 2.0 44.1 0.3 43.0 0.5 121 6 5.7 18.4 0,3 124.5 1.0 68.0 32 6 3,4
Tb(IS) 159
n 203 0.01 0.000 0.04 0.000 0.05 0.003 0.02 0.002 0.09 0.003 0.02 0 002 0.04 0.01 70.7
n 205 0.03 0.001 0.04 0,002 0,05 0 001 0.02 o.oot 0.08 0.005 0.02 0.001 004 0.01 19.8
Pb 206 0.34 0.008 0.42 0.003 006 0.004 0.22 0.008 0.05 0.005 0.15 0.003 021 0.15 131
Pb 207 0.37 0.009 0.45 0.009 0.07 0.004 0.22 0.013 006 0.005 0.16 0.003 0.22 0.16 131
Pb 208 0.34 0,013 0.43 0,009 0.04 0.003 0.20 0.002 0.04 0.001 0 13 0.007 0.20 0.16 132
Bi 209 ND ND ND ND ND ND ND ND ND ND ND ND ND
U 238 1.79 0.028 1.88 0.025 1.67 0.010 2.20 0,040 2.90 0.047 1.92 0.032 1.79 0.10 1.8
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Table 18. ICP-MS Analysis Results for Group 2 Elements in Southwest Area Wells.
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Soufliwesi 
Sample #8 
(pg/L)
±
(pg/L)
.^thw esi 
Sample #12 
(pg/L)
±
(pg/L)
Soutliwest 
Sample #9 
(pg/L)
±
(pg/L)
SouUiwesl 
Sample #4 
(pg/L)
±
(pg/L)
Swihwesl 
Sample #3 
(pg/L)
±
(pg/L)
Soulliwesl 
Sample #7 
(pg/L)
±
(pg/L)
Average
(pg/L)
Sandard
Deviation
(pg/L)
Relative SiandanT” 
Deviation 
(%)
Li 7 7.80 0.12 16.9 0.06 10.32 0,09 13.9 0.49 ND 0.10 39.9 0.9 17.06 11.8 69.4
Be 9 ND ND ND ND ND ND ND ND ND ND ND ND ND
AI 27 0.73 0.03 4.35 0.06 2.87 0.02 2.87 0.02 2.87 0.03 0.73 0.05 2.31 1,40 60.6
V SI 1.85 0.03 1.17 0.005 2.12 0.01 2.12 0.01 2.12 0.03 5.55 0.17 2.56 1.53 59,9
Cr 52 0.69 0.01 0.67 0.02 1.68 0.02 1.68 002 1.68 0.02 2.48 0.07 1.44 0.69 47.7
Cr 53 0.46 0.02 0.60 0.01 1.43 0.04 1.43 0.04 1.43 0.05 2.75 0.12 1.33 0.81 61.0
Mn 55 4.31 0.05 0.19 0.00 9.97 0.05 9.97 0.05 9.97 0.06 2.9(1 0.09 5.47 3.91 71.5
Co 59 0.03 0.002 0.04 0.65 0.03 0.001 0.03 0.001 0.03 0.001 0.06 0.004 0.04 o.ot 36.9
Nl 60 0.94 0.03 0.77 0.01 0.64 0.004 0.64 0,004 0.64 0.04 1.36 0.07 0.87 0.27 30.7
Nl 62 0.48 0.01 0.14 0.01 0.55 0.04 0.55 0.04 0.55 0.01 0.31 0.04 0.40 0.16 39.4
Cu 63 1.99 0.02 3.60 0.03 7.00 0.03 7.00 0.03 7.00 0.05 49.9 1.2 13.9 18.1 130
Cu 65 2.00 0.03 3.28 0.05 6 76 0.04 6.76 0.04 6.76 0.05 48.4 1.0 13.4 17.6 131
Zn 66 581 5.1 154 1.9 118 0.9 118 0.9 118 1 186 3 231 177 76.4
Zn 68 589 3.8 153 1.3 118 1.9 118 1.9 118 1 184 2 232 180 77.6
Ga 69 0.19 0.003 0.15 0.003 1.42 0.01 1.42 0.01 1.42 0.004 0.21 0.01 0.68 0.61 89.6
Ga 71 0.01 0.000 ND 0.001 0.01 0.001 0.01 0001 0,01 0.0002 0.01 0.001 0.01 001 50,3
As 75 0.85 0 02 5.30 0.04 2.00 0.01 2.00 001 2.00 0,08 23.13 064 6.65 8.37 126
Sc 77 2.63 0.21 5.10 0.20 110 0.19 1.10 0.19 110 0.18 6.70 0.% 3.33 2.23 67.1
Sc 82 2.84 0.21 4.96 0.17 I I I 0.21 I I I 0.21 I I I 0.42 5 60 0.22 3.12 1.88 60.3
Rh 85 1.29 0.00 5.71 0.04 2.43 0.02 2.43 0.02 2.43 0.05 24.46 0.29 7.27 8.72 120
Sr> 86 727 5 623 9 435 5 435 5 435 9 678 6 580 123 21.2
Sr 88 86.9 1.3 74.2 2.4 94.0 LI 94.0 2.3 94.0 4.2 81.0 1.7 86.0 7.65 8.9
Ag 107 0.02 0.001 ND ND ND ND ND ND ND ND 0.02 0.001 0.01 o.ot 122
Ag 109 ND ND ND ND ND ND ND ND ND ND ND ND ND
Cd III 0.06 0.005 0.04 0 0004 0.05 0.001 0.05 0.001 0.05 0.002 0.05 0.01 0.05 o u t 16.6
Cd 114 0.05 0.001 0,04 0.002 0.04 0.001 0.04 0.001 0.04 0.001 0.04 0.001 0.04 0.01 12.9
In 115 ND ND ND ND ND ND ND ND ND ND ND ND ND
Cs 133 0.01 0.002 0.56 0.005 0.07 0.003 0.07 0.003 0.07 0.01 2.02 0.03 0.55 0.76 140
Ba 135 18.4 0.1 16.1 0.1 123 0,2 (23 0.2 123 0.2 2 (2 0.3 60.3 51.1 84.8
Ba 137 18.3 0.2 16.0 0.2 118 0.2 118 0.2 118 0.3 20.9 0.3 58.4 49.0 83.9
Tb(IS) 159
Tl 203 0.03 0.001 O.ll 0.005 0.03 0.003 0.03 0.003 0.03 0.01 0.33 0.02 O.ll 0.12 III
Tl 205 0.02 0.002 0.10 0.004 0.03 0.002 0.03 0.002 0.03 0,01 0.34 0.02 0.10 0.12 118
Pb 206 0.09 0.002 0.21 0.001 0.38 0.01 038 001 0.38 0.01 0.20 001 0.25 O il 43.8
Pb 207 0.10 0.008 0.22 0.01 0.39 0.01 0 39 0.01 0.39 0.01 0.21 0.01 0.26 O.ll 42.9
Pb 208 0.08 0.001 0.21 0.01 0 38 0.01 0 38 001 0.38 0.01 0 19 0.01 0.25 (III 46 1
Bi 209 ND ND 0.01 0.001 ND ND ND ND ND ND 0.10 0.01 002 0.04 176
U 238 1.47 0.014 3.03 003 1.63 0.03 163 003 1.63 0.04 5.83 0.13 2.72 1.7 60.8
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Table 20. ICP-MS Analysis Results of Group 2 Elements in Artificial Recharge Wells.
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HI Mass
Rccliarge 
Sample #1 
(pg/L)
±
(pg/L)
Recharge 
Sample #2 
(pg/L)
±
(pg/L)
Recharge 
.Sample #17 
(pg/L)
±
(pg/L)
Average
(pg/L)
Staixlard
Deviallmi
(pg/L)
Relative Standard 
Deviation 
(%)
l.i 7 34.9 0.096 35.89 1.35 36.00 0.82 35.6 0.49 1.4
Be 9 ND ND ND 0.008 ND 0.007
AI 27 3.97 0.032 1.40 0.028 6.65 0.088 4.01 2,14 53.5
V 51 1.63 0.030 1.67 0.053 1.77 0.056 1.69 0,06 3.4
Cr 52 0.46 0.021 0.45 0012 0.49 0.017 0.47 0.02 3.7
Cr 53 0.43 0.049 0.52 0.044 0.43 0.068 0.46 0.01 9.4
Mn 55 0.27 0.061 0.10 0.004 0.33 0.007 0.23 0.09 41.0
Co 59 0.06 0.001 0.04 0.003 0.06 0003 0,05 0.01 19.0
Ni 60 13.7 0.039 1.28 0.064 1.71 0.073 5.55 5.73 103
NI 62 13.6 0.011 1.05 0.015 1.64 0.068 5.44 5.80 107
Cu 63 237 21.3 13.6 0.26 205 42.3 152 98.7 65.0
Cu 65 264 16.8 12.2 0 16 202 3.2 159 107 67.2
Zn 66 210 3.7 149 3.5 193 3 9 184 25.9 14 t
Zn 68 209 3.0 147 2.8 192 3 2 183 26.1 14.3
Ga 69 1.06 0.004 1.05 0 030 1.05 0019 1.05 0.01 0.7
Ga 71 ND ND 0.01 0.0002 0.02 0.0005 0.01 0.01 70.8
As 75 2.29 0.080 2.28 0.088 2.48 0.082 2.35 0.10 4.1
Se 77 4.93 0.175 4.80 0.289 4.08 0.380 4.60 0..37 8.1
Se 82 3.91 0.416 3.94 0 260 3,75 0.252 3.87 0.09 2.2
Rb 85 2.78 0.054 2.45 0.053 2.68 0 042 2.64 0.14 5.2
Sr> 86 677 6 695 II 722 13 698 19 2.7
St> 88 80.5 2.5 83.0 2.1 86 3 4.7 83.3 2.35 2.8
Ag 107 0.02 0.001 0.02 0.001 0.03 0.001 0.02 0.00 16.8
Ag 109 0.02 0.001 ND ND 0.02 0.001 0.01 0.01 70.8
Cd III ND ND 0.04 0.003 0.05 0003 0.03 0.02 71.7
Cd 114 ND ND 0.03 0(101 0.04 0003 0.02 0.02 73,1
In 115 ND ND ND ND ND ND ND
Cs 133 0.03 0.007 ND ND ND ND 0 01 0.01 141
Ba 135 112 0.174 105 3.3 104 2.0 107 3.60 3.4
Ba 137 108 0.285 101 3 3 101 1.3 103 3.47 3.4
Tb(IS) 159
Tl 203 ND ND 0.06 0.004 0.06 0.002 0.04 0.03 70.7
n 205 0.08 0.006 0.05 0 002 0.05 0.002 006 0.01 198
Pb 206 7.93 0.011 0.07 0.003 0.31 0.006 2.77 3.65 132
Pb 207 7.93 0.005 0.08 0.002 0.32 0.003 2.77 3.65 131
Pb 208 7.9(1 0,010 0.05 0.002 0.30 0.001 2.75 3 64 1.12
Bi 209 0.01 0 001 ND ND ND ND 0.004 0.01 141
U 238 4.59 0.041 4.39 0.158 4.47 0.1 II 4.49 0.08 1.8
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Table 21. ICP-MS Analysis Results of Group 3 Elements in Northwest Area Wells.
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Northwest 
Sample #18 
(pg/L)
±
(pg/L)
Nonhwcst 
Sample #19 
(pg/L)
±
(pg/L)
Northwest 
Sample #5 
(pg/L)
±
(pg/L)
Northwest 
Sample #13 
(pg/L)
±
(pg/L)
Northwest 
Sample #10 
(pg/L)
±
(/ig/L)
Northwesj 
Sample #11 
(pg/L)
±
(/ig/L)
Averag
e
(pg/L)
Standard
Dcvlaticm
(pg/L)
Relative Standard 
Deviation 
(%)
Ru 99 ND ND ND ND ND ND ND ND ND ND ND ND ND
Ru 101 ND ND ND ND ND ND ND ND ND ND ND ND ND
Rh 103 0,01 0.001 0.01 0.0004 0.01 0.0003 0.01 0.001 0.05 0.001 0.01 0.0004 0.01 0.00 9.9
Pd 105 0.18 0.009 0.18 0.009 0.16 0.008 0,19 0.005 0.84 0.013 0.15 0.005 0.17 0.01 7.4
Pd 108 ND ND ND ND ND ND ND ND ND ND ND ND ND
Sn 117 0.02 0.004 0.02 0.001 ND ND 0.01 0.001 0.04 0.007 0.01 0.005 0.01 0.01 92.7
Sn 118 0.03 0.004 0.01 0.002 0.01 0.002 0.02 0.002 0.04 0.004 0,01 0.002 0.01 0.01 45.8
Sn 120 0.03 0.003 0.01 0.001 0.01 0.001 0,02 0.002 0.04 0.005 0.01 0.001 0.01 0,01 42.7
Sb 121 0.06 0.002 0.03 0.001 0.03 0.001 0,03 0.002 0.01 0.001 0.03 0.002 0.03 0,01 33.8
Sb 123 0.05 0.003 0.03 0.001 0.03 0.002 0,03 0.001 0.02 0.001 0.02 0.001 0.03 0.01 32.3
Te 125 ND ND ND ND ND ND ND ND ND ND ND ND ND
Hf 177 0.03 0.011 0.01 0.001 ND ND 0.03 0.010 0.03 0.012 ND ND 0.01 0.01 144
Hf 178 0.03 0.010 ND ND ND ND 0.03 0.009 0.03 0.010 ND ND 0,01 0.01 200
Hf 179 0.02 0.008 0.01 0.0003 ND ND 0.03 0.008 0.03 0.012 0.01 0.002 0.01 0.01 117
Ir 191 0.01 0.002 0.003 0.0004 ND ND 0.003 0.000 0.004 0.001 ND ND 0.002 0.002 131
Ir 193 0.00 0.001 0.003 0.0002 0.002 0.001 0.003 O.lXll 0.004 0.001 ND ND 0.002 0.002 64.2
Pi 194 0.01 0.003 0.01 0.001 0.01 0.002 0.01 0.003 0.01 0.001 0.01 0.0(11 0.009 0.002 16.8
Pi 195 0.01 0.003 0.01 0.009 0.01 0.002 0.01 0.001 0.01 0.001 0.01 0.001 0.010 0.002 21.5
Pi 1% 0.01 0.003 0.01 0.002 0.01 0.001 0.01 0.002 0.01 0.001 0.01 0.002 0.009 0.002 18.6
All 197 0.10 0.046 O.O-l 0.007 0.01 0.1X13 0.05 0.007 0.17 0.105 0.03 0.(XI3 0.04 0.03 83.9
Ti 47 0.61 0.018 0.48 0.015 0.46 0.031 0.59 0.020 0.82 0.041 0.54 0.029 0.51 0.06 11.5
Ti 49 0.18 0.049 0.15 0.050 0.21 0.049 O i l 0.049 2.35 0.070 0.09 0.054 0.17 0.04 26.2
Ge 72 0.09 0,003 0.09 0.003 0  10 0.003 0.10 0.004 0.55 0.032 0.09 0.003 0.09 0.00 4.4
Ge 73 0.07 0.009 0,04 0.008 0.05 0.004 0.08 0.1X18 0.08 0.008 0.07 0.(X)9 0.06 0.01 21.1
Gc 74 0.05 0.002 0.03 0.004 0.02 0.001 0.06 0.004 0  06 0.007 0.06 0,005 0.04 0.01 39.2
Zr 90 0.03 0.008 0.01 0.001 ND ND 0.02 O.IXW 0.02 0.010 0.02 0.(X)2 0.01 (1.01 94.3
Zr 91 0.03 0.008 0.01 0.001 ND ND 0.02 0.007 0.02 0.006 0.02 0.003 001 0.01 94.3
Nb 93 0.01 0.005 0.00 0.001 ND ND 0.00 0.001 0.01 0.004 ND ND 0.003 0.004 143
Mo 95 0.97 0.016 0.75 0.017 0.68 0.1X18 2.24 0.025 1.27 0.038 1.71 0.047 0.96 0.39 40.9
Mo 97 1.00 0.027 0.74 0.021 0.69 0.014 2.22 0.035 1.29 0.027 1.71 0.062 0.97 0.39 40.4
T b (lS ) 159
Ta 181 ND ND ND ND ND ND ND ND ND ND ND ND ND
W 182 0.02 0.003 0.01 0.001 0.03 O.lXll 0.03 0.002 ND ND 0.02 0.(X)2 0.02 0.01 26.9
W 183 0.02 0.001 ND ND 0.03 0.002 0.02 0.002 ND ND (1.02 O.lXll 0.02 0.01 52.6
Re 185 0.02 0.001 0.02 0.001 0.02 0.002 0.01 0.001 0.05 0.001 0.01 0.002 0.02 0.00 9.4
Re 187 0.02 0.0005 0.02 0.1X102 0.02 01X12 0.01 0.(XX)3 0.05 0.001 0.01 0.1X12 0.02 0.00 11.5
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Table 23. ICP-MS Analysis Results of Group 3 Elements in Southeast Area Wells.
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El Mass
Southeast 
Sample #14 
(pg/L)
±
(pg/L)
Southeast 
Sample #6 
(pg/L)
±
(pg/L)
Southeast 
Sample #16 
(pg/L)
±
(pg/L)
Southeast 
Sample #15 
(pg/L)
±
(pg/L)
Average
(pg/L)
Standard
Deviation
(pg/L)
Relative Standard^ 
Deviation (%)
Ru W ND ■ ND Nd ND ND ND n O ND ' N D "
Ru 10! 0.01 0.001 0.01 0.001 ND ND 0.03 0.003 0,01 0.01 95.4
Rh 103 0.09 0.002 0.05 0.003 0.04 0.001 0.29 0.(X)7 0.12 0.10 84.2
Pd 105 1.59 0.039 0.91 0.016 0.67 0.009 4.52 0.151 1.92 1.54 79.8
Pd 108 ND ND ND ND ND ND ND ND ND
Sn 117 0.04 0.002 0.02 0.002 0.04 0.005 0.41 0.031 0.13 0.16 129
Sn 118 0.04 0.003 0.02 0.002 0.04 0.001 0.42 0.019 0.13 0.17 128
Sn 120 0.04 0.001 0.02 0.002 0.04 0.004 0.43 0.018 0,13 0.17 129
Sb 121 0.01 0.002 0.01 0.001 0.01 0.001 0.02 0.003 0.02 0.00 21.1
Sb 123 0.02 0.002 0.01 0.002 0.02 0.001 0.03 0.001 0.02 0.01 32.6
Tc 125 0.03 0.001 0.02 0.005 ND ND 0.09 0.011 0.03 0.03 101
Hf 177 ND ND 0.01 0.003 ND ND ND ND 0.003 0.01 173
Hf 178 ND ND 0.01 0.003 ND ND ND ND 0.003 0.01 173
Hf 179 ND ND 0.01 0.004 0.01 0.002 0.01 0.001 0.01 O.IXI 79.7
Ir 191 ND ND ND ND ND ND ND ND ND
Ir 193 ND ND ND ND ND ND ND ND ND
Pr 194 0.01 0.001 0.01 O.lXll 0.01 0.002 0.01 0.001 0.01 O.(X) 10.7
Pr 195 0.01 0.001 0.01 0.002 0.01 0.002 0.01 0.002 0.01 O.IXI 5.8
Pi 196 0.01 0.002 0.01 0.002 0.01 0.002 0.01 0.001 0.01 0.00 8.6
Au 197 0.02 0.000 0.04 0.007 0.01 0.002 0.02 0.004 0.02 0.01 41.3
Ti 47 1.33 0.052 1.04 0.026 0.86 0.044 2.33 0.053 1.39 0.57 40.7
Ti 49 -S.6S 0.328 3.87 0.124 3.35 0.060 16.5 0.108 7.34 5.36 73.0
Gc 72 1,24 0.012 0.98 0.033 0.94 0.015 3.09 0.030 1.56 0.89 57.0
Gc 73 0.17 0.004 0.20 0.009 0.22 0.012 0.28 0.017 0.22 0.04 18.4
Ge 74 0.15 0.004 0.19 0.004 0.21 0.001 0.21 0.017 0.19 0.03 13.4
Zr 90 ND ND 0.01 0.003 ND ND ND ND 0.002 O.IXM 173
Zr 91 ND ND 0.02 0.003 ND ND 0.02 0.004 0.01 0.01 101
Nb 93 ND ND O.tXM 0.001 ND ND ND ND 0.001 0.1X12 173
Mo 95 1.82 0.017 1.78 0.023 1.63 0.031 3.01 0.154 2.06 0.55 26,8
Mo 97 1.82 0.011 1.76 0.034 1.63 0.007 3.01 0.129 2.06 0.55 26.9
Ta 181 ND ND ND ND ND ND ND ND ND
W 182 0.02 0.001 0.01 0.000 ND ND ND ND 0.01 0.01 KM
W 183 0.02 0.001 ND ND ND ND ND ND O.IXM 0.01 173
Re 185 0.04 0.001 0.03 0.002 0.03 0.001 0.09 O.lXll 0.05 0.02 50.4
Re 187 0.04 0.001 0,03 0.001 0,03 0.001 0.09 0.005 0.05 0.02 50.6
IS =  In te rn a l S tan d a rd  / ig /L  =  m ic ro g ra in s  p e r lite r N D  =  not d e tec ted
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Table 24. ICP-MS Analysis Results of Group 3 Elements in Artificial Recharge Wells.
El mass
Recharge 
Sample #1 
(pg/L)
±
(pg/L)
Recharge 
Sample #2 
(pg/L)
±
(pg/L)
Recharge 
Sample #17 
(pg/L)
±
(pg/Ll
Average
(pg/Ll
S(aiidard
Dcviatinn
(pg/Ll
Relative Standard 
Deviation 
(%1
Ru W ND ND ND
Ru 101 ND ND ND
Rh 103 0.038 0.026 0.032 0.032 0,006 19.3
Pd 105 0.516 0.428 0.452 0.465 (1.046 9.83
Pd 108 ND ND ND
Sn 117 0.474 0.043 0.066 0.194 0.242 124
Sn 118 0.489 0.041 0.066 0.196 0.246 126
Sn 120 0.485 0.0417 0.067 0.198 0.249 126
Sb 121 0.285 0.227 0.242 0.251 0.0303 12.1
Sb 123 0.286 0.226 0.236 0.249 0.0324 13.0
Te 125 0.019 ND ND 0.006 0.011 183
Hf 177 0.016 0.009 0.012 0.012 0.004 34 5
Hf 178 0.015 0.007 0.012 0.012 O.IXM 35.0
Hf 179 0.016 0.008 0.011 0.012 O.IXM .35.0
Ir 191 ND ND ND
Ir 193 ND ND ND
Pt 194 0.012 0.013 0.010 0.012 0.(X12 16.6
Pt 195 0.012 0.013 0.010 0.012 0.002 16.6
Pt 196 0.011 0.013 0.009 0.011 0.(X12 18.2
Au 197 0.079 0.047 0.075 0.067 0.017 25.4
Ti 47 0.752 0.576 0.669 0.669 (1.088 13.2
Ti 49 2.067 1.792 1.844 1.901 0.146 7.67
Ge 72 0.551 0.506 0.533 0.530 0.022 4.19
Ge 73 0.074 0.070 0.074 0.073 0.(XI2 3.05
Ge 74 0.047 0.045 0.053 0.049 0.004 8.01
Zr 90 0.025 0.018 0.020 (1.021 O.IXM 19.(1
Zr 91 0.029 0.020 0,021 0.023 0.005 21.7
Nb 93 0.005 0.003 0.1X13 0.(X)3 0.(X12 66.6
Mo 95 4.997 4.808 5.171 4.989 (1.181 3.64
Mo 97 5.000 4.737 5.209 4.982 0.237 4.75
Tb (IS) 159 -1 -1 -1
Ta 181 ND ND ND
W 182 0.039 0.039 0.043 0.041 0.003 7.31
W 183 0.043 0.041 0.042 0.042 O.lXll 2.38
Re 185 0.073 0.073 0.075 0.074 O.lXll 1.35
Re 187 0.074 0.073 0.074 0.074 O.lXll 1.35
IS =  In ic rn a l S iam la rd  p g /L  =  n iic ro g ran is  p e r lile r N D  =  n o t de tected
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Figure 10. ICP-MS Element Concentration Comparison of Artificial Recharge Water and Area Well Water
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Figure 12. ICP-MS Element Concentration Comparison of Artificial Recharge Water and Area Well Water
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Table 25. Comparison of Group 1 Elements in Artificial Recharge Wells and Northwest Area Wells by Student t-test.
CD
Q.
■D
CD
(/)(/)
El Average
Standard
Deviation Variance Test Results Uncenainty
Degrees
of
Freedom
Variance
Standard
Deviation Average
X
(ng/L)
S
(ng/L)
S ' Va
na= 3
delta Means are 
Difercnt
f IJ r* Va/na Vb/ttb (Va t Vb)' Vb
n b = 6
S ' S
(ng/L)
X
(ng/L)
Y 3.29 0.09 7.97C-03 2.66e-03 1.45 yes 2.57 0.61 5 2.35e-06 4 .80e04 3.17e-03 5.37C-02 3.22C-01 0.57 1.85
La 4.04 1.42 2 .01e+ 00 6.71C-01 2.94 no 2.78 11.3 4 1.50C-01 4.26C+01 2.78e + 02 1.60C + 01 9 .6 0 c t01 9.80 6.98
Cc 0.67 0.18 3.13e-02 1.04e-02 4.48 no 2.78 10.6 4 3.63e-05 3.57e+01 2.15C + 02 1.46e + 01 8.79e+01 9.37 5.16
Pr 0.08 0.01 1.12C-04 3.73e-05 0.58 no 2.78 1.38 4 4.63e-10 1.02e-02 6.14C-02 2.48C-01 1.49e-t(X) 1.22 0.65
Nd 0.46 0.09 7.48C-03 2.49e-03 1.16 no 2.78 2.98 4 2 .0 7 e0 6 2.19e-0l 1.32etOO l.lS c  + OO 6.88e + (X) 2.62 1.62
Nd 0.46 0.16 2.53C-02 8.43C-03 1.27 no 2.78 3.02 4 2.37C-05 2.30C-01 1.40e+00 l . l7 e  + 00 7.04e + 00 2.65 1.73
Sm 0.14 0.10 9.66C-03 3.22e-03 0.01 no 2.78 0.20 4 3.45e-06 5.58e-07 2.55C-05 1.83C-03 l.lOc-02 0.10 0.13
Sm 0.17 0.12 1.39C-02 4.63C-03 0.05 no 2.78 0.23 4 7.14e-06 8.98e-07 4.83e-()5 2.32C-03 1.39c 02 0.12 0.12
Eu 4.27 0.38 1.46e-01 4.88C-02 1.80 no 2.57 2.66 5 7.93C-04 l.74e-01 I.l4e+(K ) 1.02c + (X) 6 .12e+ 00 2.47 2.47
Eu 8.67 0.66 4.33C-01 1.44e-01 4.02 no 2.78 5.36 4 6.95e-03 2 .14e+ 00 1.39C + 01 3.58e+(X) 2.15C + 01 4.63 4,65
Gd 0.73 0.04 1.35e-03 4.51e-04 0.50 yes 2.57 0.17 5 6.77C-08 2.68e-06 1.99C-05 4.01c 03 2 .40c02 0.16 0.23
Gd 0.45 0.03 1.09e-03 3.62e-04 0.36 yes 2.57 0.17 5 4.36e-08 2.58e-06 1.85e-()5 3.94C-03 2.36e-02 0.15 0.09
Tb ND 0.04 1.60e-03 5.33e-04 0.00 no 2.57 0.06 1 9.48e-08 4.63C-11 3.()3e-07 1.67e-05 l.OOc-04 0.01 ND
Dy 0.15 0.02 3.83C-04 1.28C-04 0.09 no 2.57 O i l 5 5.44e-09 5.44e-07 3.74e-06 1 81C-03 l.(l8e-02 0.10 0.07
Dy 0.15 0.03 6.56e-04 2.19e-04 0.10 no 2.57 0.12 5 1.59e-08 6.99e-07 5.l4e-06 2.05e-03 1.23e-02 O i l 0.05
Ho 0.02 0.03 l.lOe-03 3.68e-04 0.02 no 12.7 0.25 1 4.51e-08 4 .6 3 e-l1 1.48C-07 1.67C-05 l.(X)e-04 0.01 ND
Er 0.30 0.05 2.89C-03 9.63C-04 0.27 yes 2.45 O i l 6 3.09e-07 l.34e-07 3.46C-06 8.98c-m 5.39c 03 (1.07 0.03
Er 0.30 0.07 4.97C-03 1.66C-03 0.27 yes 2.78 0.14 4 9.16e-07 1.13e-07 6 I5C-06 8.23C-04 4.94e-03 0.07 0.03
Tm ND 0.01 l.OOe-04 3.33e-05 0.00 no 2.78 0.08 4 3.70e-10 1.13e07 7.34C-07 8.23C-04 4.94C-03 0.07 ND
Vb 0.53 0.29 8.44C-02 2.81e-02 0.51 no 12.7 2.16 1 2.64e-04 7.50e-08 8.29C-04 6.71e-()4 4.03eO3 0.06 0.03
Yb 0.43 0.31 9.89e-02 3.3l)e-02 0.43 no 12.7 2.31 1 3.62e-04 0.00 1.09e-()3 0,00 0.(X) ND
Lu 0.15 0,01 1.59e-04 5 .30e05 0.15 yes 12.7 0.09 1 9.36C-10 0.00 2.81C-09 O.(X) 0.00 ND
Th ND 0.(K) 0.00 0.03 no 2.78 0.08 4 0.00 1.18c 1)7 7 07e-07 8.41C-04 5 (Me 113 0.07 0.03
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Table 26. Comparison of Group 1 Elements in Artificial Recharge Wells and Southwest Area Wells by Student t-test.
CD
Q.
■D
CD
(/)
(/)
El Average
X
(ng/L)
Standard
Deviation
S
(ng/L)
Variance
S ' Va
n a= 3
delta
Test Results
Means are 
Different
1"
Uncertainty
(I
Degrees
of
Freedom
f* Va/na Vb/nb iV a+ V h )' Vb
n b = 6
Variance
S '
Standard
Deviation
S
(ng/L)
Average
X
(ng/L)
Y 3.29 0.09 7.97e-03 2.66e-03 0.61 no 2.57 1.19 4 2 .35c06 7.57C-03 4.66C-02 2.13e-01 1.28C+00 1.13 2.68
La 4.04 1.41 l.O le + 0 0 6.71e-01 0.45 no 2.37 2.52 5 1.50C-01 3.53C-02 1.28C+00 4.60C-01 2.76C + 00 1.66 3.59
Ce 0.67 0.18 3.13C-02 1.04e-02 0.36 no 2.26 0.44 7 3.63C-05 1.33e-04 1 49C-03 2.82C-02 1.69C-01 0.41 1.04
Pr 0.08 0.01 1.12C-04 3.73e-05 0.10 no 2.57 0.16 4 4.63e-10 2.16C-06 1.32C-05 3.6ÜC-03 2.16C-02 0.15 0.18
Nd 0.46 0.09 7.48C-03 2.49C-03 0.04 no 2.45 0.39 5 2.07C-06 8.49C-05 6.28e-04 2.26C-02 1.35e-()l 0.37 0.50
Nd 0.46 0.16 2.53C-02 8.43e-03 0.15 no 2.26 0.34 7 2.37C-05 3.20C-05 4.97e-04 1.39e02 8.32C-02 0.29 0.61
Sm 0.14 0.10 9.66C-03 3.22e-03 0.00 no 2.26 0.19 7 3.45e-06 2.88C-Ü6 5.44e-()5 4 .15e03 2 .49e02 0.16 0.14
Sm 0.17 0.12 1.39C-02 4.63C-03 0.03 no 2.31 0.22 7.14C-06 3.6ÜC06 8 .61e05 4.65e-03 2 .79e02 0.17 0.14
Eu 4.27 0.38 1.46e-01 4.88c4)2 3.36 yes 2.26 0.91 7 7,93e-04 2,l3c-03 2.62e-02 1.13c (II 6.79C-Q1 0.82 0.91
Eu 8.67 0.66 4.33C-01 1.44C-01 7.03 yes 2.26 1.69 7 6.95e-03 2.83C-02 3.10C-0I 4.12C-01 2 .47e4t)0 1.57 1.64
Gd 0.73 0.04 1.35C-03 4.5 le-04 0.53 yes 2.45 0.18 5 6.77C-08 4.37C-06 3.10e05 5.12et)3 3.07C-02 0.18 0.20
Gd 0.45 0.03 1.09C-03 3.62e-04 0.35 yes 2.45 0.18 5 4.36C-08 4.20e-06 2.89C-05 5.02e-()3 3.01C-02 0.17 0.10
Tb ND 0.04 1.88C-03 6.26e-04 0.07 no 2.45 0.16 1.31e07 2.10C-06 1.75e()5 3.55C-03 2.13C-02 0.15 0.07
Dy 0.15 0.02 3.83C-04 1.28C-04 0.02 no 2.57 0.19 4 5.44C-09 4.98e-06 3.l3e-05 5 .47e03 3.28e(l2 0.18 0.14
Dy 0.15 0.03 6.56C-04 2.19e-04 0.03 no 2.45 0.19 4 1.59C-08 6.01e-(X) 3.88e-05 6.01e-03 3.60C-02 0.19 0.12
Ho 0.02 0.03 l.lOc-03 3.68C-04 0.04 no 2.45 0.15 5 4.51C-08 2.08C-06 1.52e-05 3.54e-03 2.12C-02 0.15 0 0 7
Er 0.30 0.05 2.89C-03 9.63C-04 0.16 no 2.37 0.21 3.09C-07 7.91e-06 6.t6e-05 6 ,89c03 4.13C-02 0.20 0.14
Er 0.30 0.07 4.97e-03 1.66e-03 0.17 no 2.31 0.21 9 .16e07 7.57C-06 7.05C-05 6.74e-03 4.04e()2 0.20 0.12
Tm ND 0.01 l.OOc-04 3.33C-05 0.06 no 2.31 0.14 4 3.70e-10 2.06C-06 1.26e-()5 3.51e-(l3 2.I1C-02 0.15 0.06
Yb 0.53 0.29 8.44e-02 2.81e-02 0.37 no 2.57 0.49 3 2.64e-04 1.28c05 1.36C-03 8.77C-03 5.26c-02 0.23 0.17
Yb 0.43 0.31 9.89C-02 3.30e-02 0.32 no 3.18 0.62 2 3.62e-04 3.49e-06 1.41e03 4.58c()3 2.75e-(l2 0.17 0.10
Lu 0.15 0.01 1.59C-04 5.30C-05 0.08 no 2.57 0.16 4 9.36e-10 2.27C-06 1.40e05 3.69C-03 2.22C-02 0.15 0.07
Th ND 0.01 1.52C-04 5.07e-05 0.10 no 2.57 0.17 4 8.57C-10 2.81C-06 1.73e-05 4 .11c03 2.46C-02 0.16 0.10
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Table 27. Comparison of Group 1 Elements in Artificial Recharge Wells and Southeast Area Wells by Student t-test.
El Average
X
(ng/L)
Standard
Deviation
S
(ng/L)
Variance
S ' Va
na= 3
delta
Test Results
Means are 
Difercnt
1'
Uncertainly
U
Degrees
o f
Freedom
f* Va/na Vb/nb (Va + Vb)' Vb
n a= 6
Variance
S '
Standard
Deviation
S
(ng/L)
Average
X
(ng/L)
Y 3.29 0.09 7.97C-03 2.66C-03 1.33 no 4.30 3.54 2 2.35e-06 1.14e-01 4.60e-01 6.75e-01 2.70c + (X) 1.64 4.62
La 4.(M 1.42 2 .0 1e+ 00 6.71C-01 1.20 no 4.30 3.93 2 1.50e-01 6.63C-03 6.95e-01 1.63C-01 6.51e-01 0.81 2.84
Cc 0.67 0.18 3.13e-02 1.04e-02 0.75 no 4.30 2.34 2 3.63C-05 2.04e-02 8.75C-02 2.85C-01 l.U e tO O 1.07 1.43
Pr 0.08 0.01 1.12e-04 3.73e-05 0.16 no 4.30 0.36 2 4.63e-10 1.15e-05 4.66e-05 6.79C-03 2.72C-02 0.16 0.24
Nd 0.46 0.09 7.48e-03 2.49e-03 0.38 no 4.30 1.13 2 2.07e-06 l.lOe-03 4.74C-03 6.63e-02 2.65C-01 0.52 0.84
Nd 0.46 0.16 2.53C-02 8.43c4)3 0.43 no 3.18 0.88 3 2.37C-05 1.17C-03 5.9le-03 6.84e-02 2.74c01 0.52 0.90
Sm 0.14 0.10 9.66C-03 3.22C-03 0.14 no 12.7 0.72 1 3.45C-06 0.00 1.04e-05 ().(X) 0.00 ND
Sm 0.17 0.12 1.39C-02 4.63C-03 O i l no 2.78 0.24 4 7.14e-06 1.68e-06 5.21e-05 2.59C-03 1.04c 02 0.10 0.06
Eu 4.27 0.38 1.46C-01 4.88e-02 3.97 yes 2.78 0.75 4 7.93e-04 1.54e-04 5 .42e03 2.49C-02 9 .9 4 e0 2 0.32 0.30
Eu 8.67 0.66 4.33C-01 1.44e-01 8.12 yes 3.18 1.44 3 6.95C-03 9.08e-04 4.19C-02 6 .03e02 2.41e-OI 0.49 0.56
Gd 0.73 0.04 1.35C-03 4.51C-04 0.56 yes 3.18 0.18 3 6.77C-08 1.67C-06 9.21e()6 2.58C-03 1.03e-02 0 10 0.17
Gd
Tb
0.45
ND
0.03 1.09e-03 3.62e-04 0.30 yes 3.18 0.15 3 4.36C-08 8 .99e07 5.10c 06 1.90C-03 7.59C-03 0.09 0.15
ND
Dy 0.15 0.02 3.83C-04 1.28C-04 0.02 no 3.18 0.13 3 5.44e-09 5.79e-07 2.72e-06 1.52e-03 6.09C-03 0.08 0.13
Dy 0.15 0.03 6.56e-04 2.19C-04 0.03 no 2.78 0.08 4 1.59C-08 8.78c 08 6.58e-07 5.93e-04 2 .37e03 0.05 0.18
Ho 0.02 0.03 l.lOe-03 3.68C-04 0.00 no 2.78 0.07 4 4.51C-08 1.76e-08 4.01eO7 2.66C-04 1.06C-03 0.03 0.02
Er 0.30 0.05 2.89C-03 9.63e-04 0.13 yes 2.78 0.10 4 3.09C-07 5.08C-08 2.(X)e06 4 .51c04 l.ROc-03 0.04 0.17
Er
Tm
0,30
ND
0.07 4.97C-03 1.66C-03 0 15 no 2.57 0.15 5 9 .16c 07 8 .74e07 1.24C-05 1.87e-03 7.48C-03 0.09 0.15
ND
Yb 0.53 0.29 8.44C-02 2 81e-02 0.37 no 4.30 0.75 2 2.64C-04 1.72C-06 9.45C-04 2.62C-03 1.05C-02 0.10 0.17
Yb 0.43 0.31 9.89e-02 3.30e-02 0.38 no 12.7 2.37 1 3.62C-04 8.97e-07 1.22c 03 1 89e-03 7.58C-03 0.09 0.05
Lu
Th
0.15
ND
0.01 1.59e04 5 .30e05 0.15 yes 12.7 0.09 1 9.36C-10 O.(X) 2.81C-09 0.00 O.IXI ND
ND
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Table 28. Comparison of Group 2 Elements in Artificial Recharge Wells and Northwest Area Wells by Student t-test.
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X
(Cg/L)
Standard
Deviation
S
(/ig/L)
Variance
S ' Va
na= 3
della
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Means arc 
Different
t'
Uncertainty
U
Degrees 
of Freedom 
r* Va/na Vb/nb (Va + V b)' Vb
nb--6
Variance
S '
Standard
Deviation
S
(pg/L)
Average
X
(Cg/L)
l I
Be
35.6
ND
0.49 2.39e-Ol 7.97e-02 31.2 yes 2 . Î T i .& r 6 2.12C-03 2.S4e-02 2.51e-OI 3.90c-(51 2.34e+ 00 143 '4 .4 T "
ND
AI 4.01 2.14 4.60C + 00 1.53e+00 2.71 no 12.7 15 8 1 7.83C-01 5.52C-05 2.40C + 00 1.82e-02 1.09c 01 0.33 1.29
V 1.69 0.06 3.31C-03 l.lOc-03 0.17 no 2.78 0.51 4 4.05C-07 1.83C-04 1.17e-03 3 .31e02 1.99e01 0.45 1 52
C r 0.47 0.02 2.96C-04 9.86C-05 0.84 yes 2.78 0.73 4 3.24C-09 7.80C-1M 4.69CÜ3 6.84C-02 4.11e01 0.64 1.31
C r 0.46 0.04 1.90e-03 6.33C-04 0.56 no 2.78 0.73 4 1.33C-07 7.77C-04 4.75C-03 6.83C-02 4.10c 01 0.64 1.02
Mn 0.23 0.09 8.97e-03 2.99C-03 0.48 yes 2.45 0.30 6 2.98C-06 2.34C-05 2.2Qe-(M 1.18c02 7.10C-02 0.27 0.71
Co 0.05 0.01 9.93C-05 3.31e-05 0.04 yes 4.30 0.03 2 3.66C-10 7.17e-12 1 57e-09 6.56c-06 3.93C-05 0.01 0.01
Ni 5.55 5.73 3.29C+01 l.lOc+OO 4.98 no 12.7 42.1 1 4.00C+01 3.07C-07 1.20C+02 1.36C-03 8.14C-03 0.09 0.57
Ni 5.44 5.80 3.36C+01 1.12C+01 5.08 no 12.7 42.5 1 4.18e+01 9.97e07 1.25e+02 2.45e-03 1.47C-02 0.12 0.37
Cu 152 98.7 9.75C+03 3.25C+03 120 no 12.7 736 1 3 .52e+ 06 1.70C+03 1.12e+07 l.O lc + 02 6 .0 5 c+02 24.6 32.2
Cu 159 107 1.15C+04 3.83C+03 127 no 12.7 797 1 4 .89e+ 06 1.89C + 03 I55C + 07 1.07e+02 6.39C+02 25.3 32.9
Zn 184 25.9 6.73C + 02 2.24C+02 58.3 no 2.37 71.7 7 168C + 04 8.05e + 04 8.45e+ 05 6 .95c+ 02 4.17C+03 64.6 126
Zn 183 26.1 6.81C + 02 2.27C+02 57.4 no 2.37 71.3 7 1.72C + 04 7.77e + 04 8.28C + 05 6.83C+02 4.10C+03 64.0 126
Ga 1.05 0.01 5.47C-05 1.82C-05 0.23 no 2.78 0.47 4 l. l lc -1 0 1.41C-04 8.48C-04 2.91C-02 1.75e01 0.42 0.82
Ga 0.01 0.01 5.38C-05 1.79C-05 0.01 no 12.7 0.05 1 1.07e-10 1.05e-14 3.30C-10 2.51C-07 1.50C-06 0.00 0.02
As 2.35 0.10 9.08C-03 3.03e-03 1.33 yes 2.37 0.24 7 3.05e-06 8.88C-06 1.07C-04 7.30C-03 4.38C-02 0.21 1.02
Se 4.60 0.37 1.39C-01 4.62C-02 3.30 yes 4.30 0.97 2 7.11e-04 4.18e-06 2.62e-03 5.01e(l3 3 .01e02 0.17 1.30
Se 3.87 0.09 7.46e-03 2.49C-03 2.57 yes 2.37 0.21 7 2.06C-Ü6 4.45e-06 5.86e-()5 5.17C-03 3.10e-02 0 18 1.30
Rb 2.64 0.14 1.88C-02 6.27C-03 1.31 yes 2.45 0.42 6 1.31C-05 9 .36e05 8.98e-04 2.37C-02 1.42e01 0.38 1.32
S r> 698 19 3.44C + 02 1 .1 5 cr0 2 202 yes 2.45 68.6 6 4.38C + 03 7.49C+04 6.16e 10 5 6 70C + 02 4.02e + 03 63.4 496
S r> 83.3 2.35 5 .54e+ 00 185C +00 9.86 no 12.7 17.3 1 1.14C + 00 3.41C-05 3.46C + 00 1.43C-02 8.58C-02 0.29 93.1
Ag 0.02 0.00 1.47e-05 4.89C-06 0.00 no 2.78 0.04 4 7.96C-12 4.33C-09 2.76C-08 1.61e()4 9.67e()4 0 03 0.03
Ag 0.01 0.01 9.39C-05 3.13C-05 0.01 no 2.45 0.03 6 3.26C-10 2 .34e09 2 .24e08 1.19C-04 7.11e-04 0.03 0.02
Cd 0.03 0.02 4.90C-04 1.63e04 0.03 no 3.18 0.05 3 8.88C-09 3.69C-10 4 .42e08 4 .70e05 2.82e04 0.02 0.06
Cd
In
0.02
ND
0.02 3.08C-04 1.03C-04 0.02 no 3.18 0.04 3 3.52C-09 2.53C-10 2.01C-08 3 .90c05 2.34C-Ü4 0.02 0.05
ND
Cs 0,01 0.01 1.50C-04 5.01C-05 0.04 no 2.45 0.04 6 8.36C-10 5.40C-09 5.29C-08 1.80C-04 1.08e03 0.03 0.04
Ba 107 3.60 1.29e + 01 4 31C4 00 36.6 no 2.78 39.5 4 6.19C+00 6.5.3C+03 4 .0 9 c+04 1.98C + 02 1.19e + 03 34.5 70.1
Ba 103 3.47 1.20e + 01 4.01C + 00 35.2 no 2.78 37.4 4 5.37C + 00 5.22C + 03 3.28C + 04 1.77C + 02 1.06C + 03 32.6 68.0
Tl 0.04 0.03 7.82C-04 2.61C-04 0.00 no 4.30 0.07 2 2.27e-08 8 .62e-ll 8 .04c08 2.27C-05 1.36e-04 0.01 0.04
PI) 0.06 0.01 1.46C-04 4.87C-05 0.02 yes 2.57 0.02 5 7.90e-10 1.43C-10 6.08e-09 2.93e-05 1.76C-04 0.01 0.04
Pb 2.77 3.65 1.33C+01 4 .4 4 c+ 00 2.56 no 12.7 26.8 1 6.57e + (X) 2.41e-06 1.97C+01 3.8()e-03 2.28C-02 0.15 0.21
Pb 2.77 3.65 1.33e + 01 4.43e + (X) 2 55 no 12.7 26.8 1 6 55C + 00 2.87e-06 1.97e+ 01 4.15e-03 2.49C-02 0.16 0.22
Bi 2.75 3.64 1.33e + 01 4 .42c+00 2.55 no 12.7 26.7 1 6.52C+00 3.(Klc-06 1.96c+ 01 4.24C03 2.54C-02 0.16 0.20
U 0.004 0.01 2.69C-05 8.96e-06 0.(X) no 2.57 0.03 5 2 .68e-ll 3.75C-09 2 .53c08 1.50C.04 9.(X)c-04 0.03 ND
O n
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Table 29. Comparison of Group 2 Elements in Artificial Recharge Water and Southwest Area Wells by Student t-test.
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V ariance
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D cvlaiinn
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Average
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Li
Be
35.6
ND
0 .4 9 2.39e-01 7.97C-02 18.5 yes 2.78 13.4 4 2.12C-03 9.08C +01 5.49C +02 2.33C + 01 1.40C+02 11.8 17.06
ND
M 4.01 2.14 4 .6 0 C + 0 0 1.53C +00 1.70 nil 4 .30 5.87 2 7.83C-01 t.7 8 e 0 2 3.45c + 00 3.26c4)l I.96C + 00 1.40 2.31
V 1.69 0 .06 3 .3 le G 3 I.IOc-03 0.87 no 2.78 1.74 4 4 .0 5 e 0 7 2 .5 6 e0 2 I.55C-01 3.92c 4)1 2 .35C +00 1.53 2.56
C t 0 4 7 0 .02 2.96cTM 9.86C-05 0.97 yes 2 .78 0 .76 4 3.24c 09 1.03eO 3 6.22e4)3 7.87c4)2 4.72C-01 0 .69 1.44
C r 0 .4 6 0.04 1.90cT)3 633e4M 0.87 2.78 0  92 4 I 3 k + n 2.03c-03 1.23c-02 1.10c 01 6 .62cO I 0.81 1.33
M n 0 .23 0 .09 8.97e+)3 2.99C-03 5.24 yes 2.78 4.43 4 2 .9 8 c 0 6 t.08c + 00 6 .5 0 c + 0 0 2.55C+OCI 1.53C+01 3.91 5.47
C o 0.05 0.01 9.93C-05 3.3IC-05 0.01 no 2.45 0 .02 6 3 66c to 1.73c to 4.27c4)9 3.23C-05 l.9 )c4M 0 0 1 0 .0 )
NI 5.55 5.73 3 .2 9 e + 0 l I.IO c+ 01 4 .68 no 12.7 42.1 1 4.00C +01 2.35C+15 t.2 0 e  + 02 1.19c4)2 7.I3C-02 0 .27 0 .87
NI 5 .44 5 .80 3 .36e+ O I I.I2 C + 0 I 5.04 no 12.7 42.5 1 4.18C+O I 2.98C-06 1.25C+02 4.23c 4)3 2.54c 4)2 0.16 0.40
Cu 152 98.7 9 .7 5 c + 0 3 3.25C +03 138 no 12.7 730 1 3 .5 2 c + 0 6 4 .9 8 c +02 1.09C+07 5.47C + 01 3.28C + 02 18.1 13.9
Cu 159 107 I.l5 e + (M 3.83C + 03 146 no 12.7 791 1 4.89C + 06 4.44C +02 1 .5 1 c +07 5.16C+01 3 .10c+ 0 2 17.6 13.4
Zn 184 25.9 6 .7 3 c + 0 2 2.24C +02 47.1 no 2.57 189 5 t.68e+ (M 4.51C + 06 2.94c +07 5.20c +03 3 .1 2 c+ 0 ) 177 231
Z n 183 26.1 6 .81C + 02 2.2 7 c + 0 2 49.1 no 2.78 208 4 l.72c+ (M 4.88C + 06 3 .18c+ 0 7 5 .4 1 c + 0 3 3 25C+1M 180 232
Ga 1.05 0.01 5.47e4l5 I.8 2 c 4 » 0.37 no 2.78 0 69 4 t . t t c t O 6 .3 tc (M ) .7 9 c 0 3 6 . 15c02 3 .69c01 0.61 0.68
G a 0.01 0.01 5.38e-05 I.79c4)5 0 .0 0 no 3.18 0.02 3 1.07c to 3.89e 12 5 .18c to 4 .83c4)6 2.90c 05 0.01 0.01
As 2.35 0 .1 0 9.08e4)3 3.03C-03 4.31 no 2.78 9 .49 4 3.05c 06 2 .2 7 c +01 1..36c+ 02 1.17C+01 7.01C + 01 8.37 6.65
Se 4 .60 0.37 l.39e+ )l 4 .6 2 c 0 2 1.27 no 2.57 2.41 5 7 .t tc 4 M 1.15cO I 7 .6 9 cO t 8.31C-OI 4 .98C + 00 2.23 3.33
Se 3.87 0.09 7.46C-03 2.49c4)3 0.74 no 2.78 2.14 4 2.06c 06 5.82C-02 3 .5 2 c0 1 5.91C01 3 .5 4 c + 0 0 1.88 3.12
Rb 2.M 0.14 l.88e+)2 6.27c4)3 4 6 3 no 2.78 9.89 4 t .3 t c 0 5 2.68C+01 1 6 lc  + l)2 1.27C+01 7 .6 1 c + 01 8.72 7.27
S r > 698 19 3.44C +02 I.I5C  + 02 118 no 2.57 132 5 4 .38C + 03 1.06C + 06 6 .9 3 c + 0 6 2.52C +03 1.51C +0) 123 580
S i> 83.3 2.35 5 .54C + 00 1 .8 5 c+00 2.74 no 2.45 8.34 t . l 4 c + 0 0 t.5 9 e+ O I 1.35C + 02 9.76C + 00 5 .8 6 c +01 7.65 8 6 0
Ag 0.02 0 .0 0 I .4 7 c 4 5 4 89c 4 6 0.02 yes 2.37 0.01 7 7 .9 6 c t2 3.15c II 3 .47c-to I.37C-05 8.25CÜ5 0.01 0.01
Ag 0.01 0.01 9.39c 05 3 .l3e-05 0.01 no 2.78 0.02 4 3.26C 10 3.15C-I1 2.03C-09 1.37c4)5 8.25c 05 0.01 ND
Cd 0.03 0.02 4.90C+M 1.63C4M 0.02 no 12.7 0 .17 1 8.88c 4)9 2 .19c II 3.05c-08 1.15c4)5 6.87c415 0.01 0415
C d
In
0.02
ND
0.02 3.08c 4M 1.03c 4M 0.02 12.7 0 .13 1 3.52c 09 3.79C-12 1.I6C 08 4.77c4)6 2.86c 05 0.01 0 .0 )
ND
Cs 0.01 0.01 l.50c4M 5 .0 lc4 )5 0.5 no 2.78 0 .86 4 8.36e to t.57c4)3 9 .4 0 c 0 3 9 .6 9 c 0 2 5 82c01 0 .76 0.55
Ba 107 3.60 I.29C + OI 4 .3 IC + 0 0 4 6 5 no 2.78 58 2 4 6 .1 9 e + 0 0 3.16e+(M 1 93e + 05 4 .3 5 c + 02 2 .6 1 c + 03 51.1 60.3
Ba 103 3.47 I.20C+O I 4.0IC + 00 44.8 no 2.78 55.8 4 5.37C + 00 2.66C + 0 ) 1 .63c+ 0 5 4 .0 0 c + 02 2 4 0 c + 03 49.0 5 8 4
Tl 0 .0 ) 0 .03 7.82c4M 2.61c4M 0.067 tar 2.57 0.13 5 2.27c4)8 8 95c 07 6.64c 06 2.32c4)3 1.39c 02 0.12 O i l
Pb 0 .0 6 0.01 l.46c4M 4.87C415 0 .0 )2 2.78 0  14 4 7 .9 0 c .to l.00c+ )6 6 .26c 4)6 2.45c 1)3 1.47c 02 0.12 0  10
Pb 2.77 3.65 I.33C+O I 4 44C + 00 2 5 12,7 26 8 1 6  57C +00 7 . 19c 07 1 97C + 0I 2 0 8 c4)3 1.25c 02 O i l 0.25
Pb 2.77 3.65 1.33C+OI 4.43C + 00 2.5 12.7 26.8 1 6  55c +00 7.49c 07 1 .97c+01 2.12c 03 1 27c 02 O i l 0  26
BI 2.75 3.64 I.33C +01 4 .4 2 c + 0 0 2.5 12.7 26 7 1 6.52C+ÜO 7.77c4)7 1.96C+01 2.16c 03 1 30c 0 2 O i l 0.25
U 0.001 0.01 2.69c 05 8.96c 4)6 0 .0 2.78 0.05 4 2 .6 8 c-11 1.09c 08 7.00c 08 2.56c (M I.5 3 c 0 3 0 .0 ) 0 0 2
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Table 30. Comparison of Group 2 Elements in Artificial Recharge Wells and Southeast Area Wells by Student t-test.
El A vg.
X
(pg /L )
Standard
Deviation
S
(pg /L )
V arla tae
S ' Va
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delta
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M eans are 
Different
f
Uncertainty
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Degrees
o f
P ieedotn
r* Va/na Vb/nb (V a +  V b |‘ Vb 
nb = 4
Variance
S '
S tandard
D eviation
S
lpg/1.)
Avg.
X
(pg/L )
LI
Be
35 .6
ND
0 .4 9 2.39c4)l 7.97c4)2 5 .8 no 4 .30 17.7 2 2 .1 2 (0 3 7.08C+01 2.86C +02 1.68C+0I 6 .7 3 (4 0 1 8.2 41.3
NO
AI 4.01 2.14 4 .6 0 c + 0 0 1.53C +00 3.0 no 4 .30 5.64 2 7 .8 3 e0 1 8 .5 7 (0 3 2.95C +  00 1 .85 (01 7 .4 1 (0 1 0.86 1.03
V 1 6 9 0 .0 6 3.31C-03 1.10c4)3 0.4 yes 3.18 0 .32 3 4 .0 5 (0 7 2 .1 2 (0 5 1.06c4>4 9 .2 0 (0 3 3 .6 8 (0 2 0 .19 2.07
C r 0.47 0 .02 2.96e4M 9.86e4)5 0.2 no 4 .3 0 0.43 2 3 .2 4 (0 9 2.34c 05 9 .5 3 (0 5 9 .6 6 (0 3 3 .8 7 (0 2 0 .2 0 0.72
C r 0 .4 6 o.ot 1.90C-03 6.33e4M 0 .3 no 3.18 0.27 3 1 .3 3 (0 7 1 .1 4 (0 5 5 .4 4 (0 5 6  7 4 ( 03 2 .7 0 (0 2 0 .16 0.74
M n 0.23 0 .0 9 8.97C-03 2.99c 4)3 3.3 no 4 .3 0 5.47 2 2 .9 8 (0 6 6 .5 0 (0 1 2 .6 1 (4 0 0 1 .61(4  00 6 .45C + 00 2.54 3.58
Co 0.05 0.01 9.93e-05 3.31c4)5 0 .076 no 4 .30 0.21 2 3 .6 6 (1 0 1 .3 4 (0 6 5 .5 2 (0 6 2 .3 2 (0 3 9.26c 03 0 .1 0 0.13
NI 5.55 5 .73 3 .29e+ 01 l.lO c + 0 1 3.0 no 12.7 43.5 4 .0 0 e+ 0 1 1 .3 9 (0 1 1.37C+02 7 .4 5 (0 1 2 .98C + 00 1.73 2.54
NI 5.44 5 .8 0 3.36C+01 1.12C+01 5.1 no 12.7 42.5 4.18C+01 4 .7 3 (0 7 1 .2 5 (4 0 2 1 .3 8 (0 3 5 .5 0 (0 3 0 .07 0.32
Cu 152 98.7 9 .75C +03 3 .2 5 e + 0 3 1 4 8 9 no 12.7 725 1 3 .5 2 e + 0 6 8 14 (0 1 1 O be+07 I.BOe + OQ 7 .2 2 ( 4 0 0 2.69 3.09
C u 159 107 1.15C + 04 3 .8 3 e + 0 3 157 no 12.7 786 4 .89C + 06 8 .8 4 (0 1 1 .4 7 (4 0 7 1 .8 8 (+ 0 0 7.52(41X ) 2.74 2.68
Z n 184 25.9 6 .7 3 e+ 0 2 2 .2 4 e+ 0 2 84.5 no 3.18 179 3 l.6 8 e + 0 4 2 .1 6 e + 0 6 9.99C +06 2.94C +03 1 .1 7 (4 0 4 108 100
Zn 183 26.1 6 .8 le + 0 2 2 .2 7 e + 0 2 84.8 3 .18 177 3 1.72C + 04 2.07e + 06 9 .6 6 (4 0 6 2 .8 8 (4 0 3 1 .1 5 (4 0 4 107 98
G a 1.05 0.01 5.47e4)5 I.82c4)5 0 .9 yes 2.78 0 .02 4 l . l lc - 1 0 7 .8 4 e lO 5 .5 1 (0 9 5 6 0 ( 0 5 2 .2 4 (0 4 0.01 0.13
Ga 0.01 0.01 5.38e+)5 1.79c 4)5 0.001 3.18 0.02 3 1 .0 7 (1 0 1 .2 5 (1 1 6.25c 10 7 .08(4)6 2 .83(4)5 0.01 0.01
As 2.35 0 .1 0 9.08e4)3 3.03c 413 8.3 yes 4 .30 5.31 3 .0 5 (0 6 5 .7 8 (0 1 2 .3 2 ( +  00 1 .5 2 (+ 0 0 6 .0 8 ( 4 0 0 2 47 10.6
Sc 4 .60 0 .37 1.39c 4)1 4.62e4)2 3.1 4 .3 0 12.1 2 7 .1 1 (0 4 1.52C + 01 6 .1 6 (4 0 1 7 .8 0 ( +  00 3 .1 2 (4 0 1 5 59 7.71
Se 3.87 0 .0 9 7.46e4)3 2.49c4)3 2.3 4.30 9 .59 2 2 0 6 ( 0 6 6 .1 5 (4 0 0 2 .4 6 (4 0 1 4 .9 6 (4  0 0 1 .9 8 (4 0 1 4.45 6.20
Rb 2 .M 0.14 1.88e4)2 6 .2 7 e 0 3 15.5 y ts 4 .30 11.7 2 1 .3 1 (0 5 1 .3 6 (4 0 1 5 . 4 7 0  01 7 .3 9 (4 0 0 2 .9 6 (4 0 1 5.4 18.1
S r > 698 19 3 .4 4 e+ 0 2 1.15C+02 51 no 2.78 63.4 4 4.38C + 03 4 .1 4 (+ 0 4 2 .7 2 (4 0 5 4 .0 7 (4 0 2 1 6 3 ( 403 40 647
S r > 83.3 2 .35 5 .5 4 e + 0 0 I.8 5 C + 0 0 6.1 no 2.78 7.75 4 1.14e + l)0 8 .85 ( 4  00 6 .0 8 (4 0 1 5 .9 5 (4  00 2.38C +01 4 .9 77.2
Ag 0.02 0 .0 0 1.47e4)5 4 .89c4)6 0.02 yes 2.78 0.01 4 7 .9 6 c-12 5.36e 11 3 .8 1 (1 0 1 4 6 (0 5 5.86(4)5 0.01 0.004
Ag 0.01 0.01 9.39c4)5 3.13e4)5 0.01 12.7 0 .09 4 3.26c 10 5 .3 6 (1 1 2.11(4)9 1 .4 6 (0 5 5 .8 6 (0 5 0,01 ND
Cd 0.03 0 .02 4.90eO 4 1.63c4M 0.01 2.78 0.05 4 8 .8 8 (0 9 3 .1 7 (0 9 7 .6 0 (0 8 1.13(4)4 4 .5 0 (0 4 0.02 1)4)4
Cd
In
0 .02
ND
0.0 2 3.08e4M 1 03e434 0.01 no 3.18 0 0 4 3 3.52(4)9
0 .0 0
2.24c 10 
0 .0 0
1 .7 6 (0 8 3 .0 0 (0 5
0 0 0
1.20(4)4 0.01 0 .03
ND
Cs 0.01 0.01 1.50e4M 501 c4 )5 2.2 no 4.30 2.81 2 8.36e 10 4 .5 3 (0 2 1 .8 1 (0 1 4.25(4)1 1 ,70(401) 1.30 2.21
Ba 107 3.60 1.29C+OI 4 31C + 00 96.9 yes 2.57 9.05 5 6 .1 9 e + 0 0 1.63e + 01 1 .53 (4  02 8 .0 8 (4 0 0 3 .2 3 (+ 0 1 5.68 9.85
Ba 103 3.47 1.20C + 01 4 .0 1 C + 0 0 93.5 yes 2.57 8.88 5 5 .3 7 e + 0 0 1 .5 7 (4 0 1 1 .42(4  02 7 .92 ( 4  00 3 .I7C + 01 5.63 9.70
Tl 0 .04 0 .0 3 7.82c4)4 2.61(434 0.021 2.57 0.07 5 2 .2 7 c 0 8 3 .7 2 (0 8 4 .1 8 (0 7 3.86(4)4 1 .5 4 (0 3 0.04 0 .06
Pb 0 0 6 0.01 l.46e4M 4.87c4)5 0.004 no 3.18 0 0 6 3 7.90e 10 3 ,2 1 (0 8 1.66(417 3 .5 8 (0 4 1 .4 3 (0 3 0 0 4 0 .06
Pb 2.77 3.65 1.33e+01 4 4 4 e + 0 0 2.7 no 12.7 2 6 8 1 6.57e + fX) 1 .2 6 (0 8 1 9 7 (4  01 2 24(4)4 8 .9 8 (0 4 0 0 3 0 0 3
Pb 2.77 3.65 1.33e + OI 4.43C+ÜO 2.7 no 12 7 26.8 1 6 .5 5 (4 0 0 1 8 6 (0 8 1 .97(4  01 2 73c 04 1.O'/e 03 0.03 0.04
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Table 33. Comparison of Group 3 Elements in Artificial Recharge Wells and Southeast Area Wells by Student t-test.
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Statistical analysis shows a significant difference in the concentrations of Y,
Gd, Er, Lu, Cr, Mn, Co, As, Se, Rb, Pd, Sb, Ti, Ge, Mo, W, Re for the northwest 
area well water. Eu, Gd, Li, Cr, Mn, Ag, Sb, Pt, Au, Zr, Mo, Re for the southwest 
area well water, and Eu, Gd, Er, Lu, V, Ga, As, Rb, Ag, Ba, Sb, Au, Ge, Zr, Mo, 
W for the southeast area well water and those found in treated Lake Mead water.
The results suggest that several elements can be used as markers for elemental 
signature analysis. The elements vary from area to area, even well to well. Three 
elements, Gd, Sb, and Mo are common in all area well water can be used for an 
elemental signature. Ratios for the three elements were obtained by dividing the 
concentration of Gd and Sb by the Mo concentration and the concentration of Gd by 
Sb concentration. The ratios determined were as follows: AR water (Gd/Mo)=0.15, 
(Sb/Mo)=0.05, and Gd/Sb =  2.91, NW area well water Gd/Mo — 0.23, Sb/Mo =
0.04, and Gd/Sb =  6.94, SW area well water Gd/Mo =  0.09, Sb/Mo =  0.01,
Gd/Sb, =  8.32, and SE area well water Gd/Mo = 0.08, Sb/Mo =  0.01, Gd/Sb = 
11.1. This relationship between the elemental markers can be used to differentiate 
between the recharge water and local area well water.
Further comparison of the analysis data using the lanthanide elements indicated 
differences in the ratios of the analysis data when normalized using a shale value (a 
REE concentration determined from a composite of North American shales). The 
comparison is shown in figures 13 and 14. Plots are prepared by dividing the 
lanthanide element concentration determined for the recharge water and the area 
wells. Lanthanides preserve their relative abundance
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Figure 13. Plot of REE Data from Artificial Recharge Water, NW, SW, and SE Area 
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Figure 14. Expanded View of Normalized REE Data from Artificial Recharge Water, 
NW, SW, and SE Area Well water
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pattern during erosion and transportation. It is this property which can lead to the 
identification of water from different aquifers (26). Eu is excluded because of 
isobaric interference with BaO. The visual comparison of the data can provide insight 
into the origin of the groundwater. An inference to the origin of the Lake Mead water 
can be made by the similarity of the groundwater to the Lake Mead Water.
A third comparison of the analysis data was performed using principal 
component analysis (26). For this analysis, the data were subjected to a multi-variant 
statistical analysis. The resulting scatter plot can depict trends in sample data. These 
trends can be seen in the plot by grouping the data. The plot shown in Figure 15 
shows a group of data from the analysis o f recharge water. Using this technique it 
may be possible to determine whether recharge water infiltrates the Las Vegas valley 
aquifer. Further study to determine movement of groundwater and recharge water 
using scatter plots will help in determining trends and showing mixing ratios.
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CHAPTER 5 
CONCLUSION
The results of this study suggest that two elements determined by ICP-AES 
(Mg and Na) can be used for comparing Las Vegas Valley groundwater with 
recharge water, using elemental signature analysis. The ratio for Mg and Na differs 
in groundwater and recharge water. Further smdy is necessary to determine if ratios 
of these elements can be used to determine infiltration of the recharge water into the 
aquifers. The number of elements which can be used as an elemental signature 
increases if a well or wells are isolated by area (3 elements for wells in the NW area, 
3 elements for wells in the SW area, and 3 elements for wells in the SE area) within 
the Las Vegas Valley. It is likely that several other elements can be used as an 
elemental signature of treated Lake Mead water by comparing multiple data of a 
single well with multiple data from a single recharge well. Using ICP-MS 
analysis results, three additional elements (Gd, Sb, Mo) can be used as an elemental 
signature for wells in all areas of the Las Vegas Valley.
The niunber of elements that can be used as an elemental signature increases 
when wells are grouped by area. Statistical analysis confirms differences in element 
concentrations in recharge water when compared with the following:
78
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•  Northwest area wells for Y, Gd, Er, Lu, Cr, Mn, Co, As, Se, Rb, Pd, 
Sb, Ti, Ge, Mo, W, Re (tables 25,28,31).
•  Southwest area wells for Eu, Gd, Li, Cr, Mn, Ag, Sb, Pt, Au, Zr,
Mo, Re (tables 26,29,32). Eu is not considered because of BaO 
interference.
•  Southeast area wells for Eu, Gd, Er, Lu, V, Ga, As, Rb, Ag, Ba, Sb, 
Au, Ge, Zr, Mo, W (tables 27,30,33). Eu is not considered because of 
BaO interference.
ICP-MS analysis of recharge water (figures 10,11,12) show that Sb, Gd, Sb, 
and Mo are common to all Las Vegas area wells and are suitable as an elemental 
signature for comparing with recharge water. Similarly, as with the ICP-AES data, 
ratios for these elements were determined. Further analysis would be needed to 
determine if these ratios can be used to measure the extent of infiltration of recharge 
water into Las Vegas valley aquifers.
Principal component analysis of groundwater and recharge water shows trend 
differences between the two waters. This statistical test may be useful for 
determining infiltration of recharge water into the aquifers but further analysis and 
statistical study would be necessary.
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